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k CHARLES. BANKS STANHOPE,* 

^ AND TO THE HONOURABLE 

JAMES HAMILTON STANHOPE. 



Gentlemen, 

I AM desirous of prefixing your names to 
these volumes in token of the affecdonate attach- 
ment to which, from me, you are peculiarly enti- 
tled. And I am happy in the opportunity which 
this publication affords me of bringing to your 
recollection subjects, in the study of which you 
successfully engaged at a very early period of life, 
and which are of acknowledged importance in the 
pursuits of every well-educated youth. 

* This young man, the second son of the present Etrl 
Stanhope, chose at an early period the profession of arms. 
In the year ISOT, he was appointed aid-de-camp to general 
Moore, whom he accompanied to Sicily and Sweden. In the 
latter end of the year 1808, he was, as major, appointed to 
the command of the 50th regiment, then in 9pm, at the head 
of which he was shot through the heart, at wrunna, on the 
IGth of January, 1809. 
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III perusing this little work you must bear in 
your minds, that it is not intended for proficients 
m philosophical knowledge, but for noviciates in 
science; not for yourselves in the present advanced 
stag^ of your progress, but for those young persons 
who are unacquainted with the rudiments of natu- 
ral and experimental philosophy* 

I am too well acquainted with the excellence of 
your dispositions to suppose it necessary formate 
apologize for laying before you a work that has no 
extraordinary claim to your acceptance. You will, 
I am sure, appreciate its value, not so« much by 
its intrinsic contents, as by the good-will with 
which it is presented. 

Before I conclude this short address, permit me 
to say, that my own happiness will ever be much 
augmented, by the assurance of the happiness and 
distinguished usefulness of ihose with whom I have 
spent so many years of my life, and to whose* per** 
manent interest, I am sure, you will acknowledge 
I jhave never been inattentive. 

Sincerely wishing you, Gentlemen, all the feli- 
city which the honourable exercise of distinguished 
talents and virtuous minds can confer upon the 
possessors^ 

I subscribe myself 

Your very affectionate Friend 

And obedient Servant, 

THE AUTHOR. 



PREFACE 



THE author of these little volumes feels himself 
extremely happy in the opportunity which this 
publication anords him of acknowledging the obli-* 
gations he is under to the authors of ^^ Practical 
Education/' for the pleasure and instruction which 
he has derived from that valuable work. To this 
he is solely indebted for the idea of writing on the 
subject of Natural Philosophy for the use of chil- 
dren. How far his plan corresponds with that sug- 
gested by Mr. Edgeworth in his chapter on Mecha- 
nics, must be left with a candid public to decide. 

The author conceives at least, he shall be justi- 
fied in asserting, that no introduction to natural 
and experimental philosophy has been attempted 
in a method so familiar and easy as that which he 
now offers to the public :**none which appears to 
him so properly adapted to the capacities of young 
people of ten or eleven years of age, a period of 
life, which, from, the author's own exp^ence, he 
is confident, is by no means too early to induce in 
children habits of scientific reasoning. In this 
opinion he is sanctioned t>y the authority of Mr. 
Edgeworth. '^Parents^'* zsays.he, "are anxious' 
that children should be conversant with mechanics, 
and with what are called the mechanical powers. 
Certainly no species of knowledge is better suited 
to the taste and capacity of youthi andt yet it sel- 

a2 
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dom forms a part of early instructioiiit Every body 
talks of /the lever, the wedge, and the pulley, but 
most people perceive that the notions which they 
have of their respective uses are unsatisfactory and 
indistinct, and many endeavour, at a late period of 
life, to acquire a scientific and exact knowledge of 
|h^ effects that are produced by implements which 
arc In every body's hands, or that are absolutely 
necessary in the daily occupations of mankind. " 

Should these volumes be favourably received by 
the public, the author proposes to pursue the same 
plan in four others, for which he has ample mate-* 
rials, and which will comprise Optics, Hydrosta-* 
tics, Pneumatics, Chemistry, Electricity, and Mag^ 
netism.* He is aware that to persons conversa^nt 
with these subjects, and who are accustomed to 
the arduous employment of .education, hints for the 
improvement of this work may occur; so far, there- 
fore, from deprecating candid criticism, whether of 
a public or private nature, he will thankfully attend 
to every liberal- suggestion that mayl>e offered ;j 
and will, in the revision of these volume^ or in 
writing those that remain to the completion of his 
design, avail himself of every advantage with which 
Jie may be favoured. 

The autnor trusts that the whole work will be 
found a complete compendium of natural and exn 

Serim^ental philosophy, not only adapted to the un- 
erstandings of young people, but well calculated 
also to. cQi^vey that Mnd of familiar instructioi^ 

* These volumes have been published, and have all been 
sanctioned by the de^ed pubUc approbAtiQn» having passed 
^h|9Q(^ iiey^ lai^ «drooii8^ 
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«» 

which U absolutely necessary, before a person can 
attend public lectures in these branches of science 
with advantage. ^^If^" says Mr. Edgeworth, speak- 
ing on this subject, *' th^ lecturer does not commu- 
nicate much ot that knowledge which he endea- 
vours to explain, it is not to be attributed either to 
his want of skill, or to the insufBciency of his ap^ 
paratus, but to the noveky of the terms which be 
is obliged to use. Ignorance of the language in 
which any science is taught, is an insuperable bar 
to its being suddenly acquired ; besides a precise 
knowledge of the meaning of terms, we must have 
an instantaneous ic^^a excited in our minds when- 
'ever they are repeated ; and, as this can be acquiredi> 
only by practice, it is impossible that philosophical 
lectures can be of much service to those who are 
not famlliarfy acquainted with the technical lan- 
guage in which they are delivered."* 

It is presumed that an attentive perusal of these 
dialogues, in which the principal and most com*- 
mon terms. of science are careluUy explained and 
illustrated, by a variety of familiar examples, will 
be the means of obviating this objection, with re- 
spect to persons who may be desirous of attending 
those public philosophical lectures to which the 
inhabitant^ oi the metropolis have almost con&tant 
access. 

* Mr, Edgeworth's chapter on Mechanics should be re* 
commended to the attention of the reader, but the author 
feels unwilling to refer to a part of a work, the whole of 
which deserves the careful perusal of all persons engaged in 
the education of youths 
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FATHER— CHARLES— EMMA. 

CHARLES. Father, you told sister Emma 
' anc| me, that after we had finished the *^ Even- 
ings at Home,^^ you would explain to us some 
of the principles of natural philosophy :. will you 
begin this morning? 

jFather. Yes, I am quite at leisure; and, I 
shall indeed at all times take a delight in com- 
municaling to you the elements of useful know- 
ledge; and the more so in proportion to the 
desire which you have of collecting and storing 
lliose facts that may enable you to understand 
the operations of nature, as well as the works' 
of ingenious artists. These, I trust, will lead 
ypu, insensibly, to admire the wisdom and good- 
ness by means of which the whole system of the 
universe is constructed and supported. 

Emma. But can philosophy be comprehended 
by children so young as we are? I Uiought that 
it had been the business of men, and* of old men 
too. 
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Father. Philosophy is a. word which in its 
original sense signifies only a love or desire of 
wisdom ; and you will not allow that you and 
^our brother are too young to wish for know- 
led^. ' 

Btntna. So far from it, that the more know- 
ledge I get the better I seem to like it ; and the 
number of new ideas which, with a little of your 
assistance, I have obtained from the ** Evenings 
at Homey^^ and the great pleasure which I have 
received from the perusal of these volumes, will, 
I am sure, excite me to read them again and 
again. 

Father. You will find very little in the intro- 
ductory parts of natural and experimental phi- 
losophy, that requires much more of your atten- 
tion than many parts of that work with which 
you have been so delighted. 

Charles. But in some books of natural philo- 
sophy, which I have occasionally looked into, a 
number of new and uncommon words have per- 
plexied me ; I have also seen references to figures 
by means of large, letters and small, the use of 
which I did not comprehend. 

Father. It is frequently a dangerous practice 
for young minds to dip into subjects before they 
are prepared, by some previous knowledge, to 
enter upon them ; since it may create a distaste 
for the most interesting topics. Thus those 
books which you now read with so much plea- 
sure would not have afibrded you the smallest 
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entertainment a few years ago, when you must 
have spelt out almost every word in each paj^e. 
The same sort of disgust will naturally be felt 
by persons who attempt to read works of science 
before the leading terms are explained and un- 
derstood. The word angle is continually recur- 
ring in subjects of this sort^ do you know what 
an angle is? 

Emma. I do not think I do ; will you explain 
what it means ? 

Father. An angk is made by the opening of 
two straight* lines. In this figure (Plate i. Fig. 
I'.) there are two straight lines ab and cb meet-, 
ing at the point b^ and the opening made by them 
is called an angle. i 

Charles. Whether that be small or great, is 
it still cdled an angle? 

Father. It is ; your drawing compasses may 
familiarize to your mind the idea of an angle ; 
the lines in this figure will aptly represent the 
legs of the compasses, and the point b the joint 
upon which they move or turn. Now you may 
open the legs to any distance you please, 'even 
so far that Uiey shall form one straigKt line; in 
that position- only they do not form an^nde. In 
every other situation an angle is made by the 
opening of these legs, and the angle is said pS 
be greater or less, as that opening is greater 
or less. 

» StraidU lines, in works of science^ are usinlly denoiDi- 
natedr^Ai lines. 



12 MXCHAKIC9. 

Emma. Are not some angles called right 
angles? 

Father. Angles are either righij acute^ or ob- 
tuse. When the line ab (Plate i. Fig. 2.) meets 
another line dc^ in sach a manner as to make 
the angles abd and abg equal to one another, 
then those angles are called right angles. And 
the line ab is said to be perpendicular to dc. 
Hence to be perpendicular to, or to make right 
angles with a line, means one and the same 

thing. 

Charles. Does it signify how you call the 
letters of an angle ? 

Father. It is usual to call every angle« by three 
letters, and that at the angular point must be 
always the middle letter of the three. There 
are cases, however, where an angle may be de- 
nominated by a single letter, as in figures 1 and 
3, the angle abc may be called nmply the angle 
B, for in these figures there is no dangdk^ of 
mistake, becaiuse there is but a single angle at 
the point B. 

Charles. I understand this, for if in the second 
figure I were to describe, the angle by the letter 
B only, you would not know whether I meant 
the angle abc or abb. 

Father. That is the precise reason why it is 
necessary in most descriptions to make use of 
three letters. An acute angle (Fig. 1.) abc is 
less than a right angle; and an obtuse angle 
(Fig. 3.) ABC is grealer than a right angle. 
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Emma. You see the reason now, Charles, 
why letters are placed against or by the figures^ 
which puzzled you before. 

Charles. I do : they are intended to distin- 

fuish the separate parts of each, in order to ren- 
er the description of them easi^ both to the 
author and the reader. / . 

Emma. What is the difference between aa 
angle and a triangle ? 

Father. An angle being made by the opening 
of two lines, and, as you know, that two straight 
lines cannot enclose a space, so a triangle abc 
TFig. 4.) is a space bounded by three straight 
lines. It takes its name from the property of 
containing three angles. There are various sorts 
of triangles, but it is not necessary to enter upon 
these particulani, as I do not wish to burden 
your memories with more technical terms than 
WB have occasion for. 

Charles. A triancle then is a space or figure 
containing three an^es, and bounded by as ma* 
ny straight lines. 

Fatlur. Yes, that description will answer 
our present purpose. 
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CONVERSATION 11. 



Of Matter.— Cfirtbe Diviflibilitjr of Matter. 

Father, Do you understand what philosophers 
mean when they make use of the word matter? 

Emma. Are not all things which we see and 
feel composed of matter ? 

Father. Every thing which is the object of 
eur senses is composed of matter differently mo- 
dified or arranged. But in a philosophical sense 
matter is defined to be extended j solidf inactive, 
and moveable substance. 

Charles. If by extension is meant length, 
breadth, and thickness, matter, undoubtedly, 
is an extended substance. Its solidity is also 
manifest by the resistance it makes to the touch. 

Emma. And the other properties nobody will 
deny, for all material objects are, of themselves, 
without motion : and-yet it may be readily con- 
ceived, that by the application of a proper force 
there is no body which cannot be moved. But 
I remember, papa, that you told us something 
strange about the divisibility of matter, which 
you said might be continuei^i without end. 

Father. I dfd, some time ago, mention this as 
a curious and interesting subject, and this is a 
very fit time for me to explain it. 
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Charles* Can matter indeed be infinitely di- 
vided, for I suppose that this is what is meant 
by a division without end ? 

Father. Difficult as this may at first appear, 
yet I think it very capable of proof. Can you 
conceive of a particle- of matter so small as not 
to have an upper* and under surface? 

Charles. Certainly, every portion of matter, 
however minute, must have two surfaces at 
least, And then I see> that it, follows of course 
that it is divisible. 

Father. Your conclusion is just, and though 
there may be particles of matter too small mr 
us actually to divide, yet this arises from the 
imperfection of our instruments^ they must ne- 
vertheless, in their nature, be divisible* 

Emma. But you were to give us some remark- 
able instances of the minute division of matter. 

Father. A few years ago a lady spun a single 
pound of wool into a thread 168,000 yards long. 
And Mr. Boyle mentions that two grains and a 
half of silk was spun into a thread 300 yards in 
length. If a pound of silver, which, you know, 
contains 5760 grains, and a single ffrain of gold 
be melted together, the gold will be equally 
diffused through the whole silver,, insomuch that 
if one grain of the mass be dissolved in a liquid 
called ^qua Fortisj which is diluted nitric acid, 
the go)d will fall to the bottom. By this experi- 
ment it is evident that a grain may be divided 
into 5761 visible parts, for only the 5761st part 
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of the gold rs contained in a single grain of the 
mass. 

The gold-beaters, whom you have seen at 
work in the shops in Long-Acre, can spread a 
griain of gold into a leaf containing fifty square 
inches, and this leaf may be readily divided into 
500,000 parts, each of which is visible to the 
naked eye: and by the help of a microscope which 
magnifies th^ area or surface of this body 100 
times, 100th part of each of these becomes visi- 
ble, that is, the 50 millionth part of a grain of 
gold, will be visible, or a single grain of that 
metal may be divided into fifty million of visible 
parts. But the gold which covers the silver wire 
used id making what is called gold lace, is 
spread over a much larger surface, yet it pre- 
serve^, even if examined by a microscope, an 
uniform appearance. It* has been calculated 
that one grain of gold tinder these circumstan- 
ces would cover a surface of nearly thirty square 
yards. 

The natural iivi^ons of matter are still more 
surprising. In odoriferous bodies, such as cam- 
phor, musk, and asafoetida, a wonderful subtilty 
of parts is perceived, /or though they are per- 
petually filling a considerable space with odo- 
riferous particles, yet these bodies lose but a 
very small j)art of their weight in a great length 
of time. 

Again, it is said by those who have examined 
the subject with the best glasses, and whose 
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accuracy may be relied ooy that there are more 
animals in the milt of a single cod-fish, than 
there are men on the whole earth, and that a 
single grain of sand is larger than four millions 
of these animals. Now if it be admitted that 
these little animals are possessed of organized 
parts, such as a heart, stomach, muscles, veins, 
arteries, &c. and that they are possessed of a 
complete system of circulating fluids, similar to 
.what is found' in larger animals, we seem to ap- 
proach to an idea of the infinite divisibility of 
matter. It has indeed been calculated that a 
particle of blood of one of these animalcula is as 
much smaller than a globe one-tenth of an inch 
in diameter, as that globe is smaller than the 
whole earth. . Nevertheless, if these particles be 
compared with the particles of light, it is pro- 
bable, that they would be found to exceed them 
in bulk as much as mountains do single grains ^ 
of sand : 

In thousand species of the insect kind ! 

Lost to the naked eye, so wondrous snudl 

Were mUUons join'd, one grain of sand would cover all. 

Yet each within its little bulk, contains 
A heart which drives the torrent through its veins \ 
Muscles to rnove its limbs aright ; 9 brain 
And nerves disposed for pleasure and for pain ; 
!^yes to distinguish ; sense whereby to know 
What's good or bad \ is, or is not its foe. Bakxb. 

I might enumerate many other instances of 
the same ki&d, but these, I doubt not, will be* 



sufficient to convince you into What very minute 
parts matter is capable of being divided : and with 
these we will put an end to our present conver- 
sation. 



CONVERSATION TlL 

/ 

Of the Attraction of Cobesioin. 

Father, Well, my children, have you reflected 
upon what we last con versed about ? Do you 
comprehend the severa^l instances which I enu- 
merated as examples of the minute division of 
ipatter ? 

Emma- Indeed the examples which you gave 
us very much excited my wonder and admira- 
Uou, and yet from the thinness of some leaf-gold 
which I once had, I can readily credit all you 
have said on that part of the subject. But I 
know not how to conceive of such small animals 
as you desoubed ; and I am still more at a loss 
how to imagine that animals so minute, ii}ioaid 
possess all the properties of the larger ones, such 
as a heart, veins, blood, &c. 

Father. I can, the next bright morning, by ttie 
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help of my solar microscope^ show yoM very 
distinctly, the circulation of the blood in a flea, 
which you may get from your little dog ; and 
with better glasses than those of which I am 
possessed, the same appearance might be seen in 
animals still smaller than the flea, perhaps, eren 
in those which are themselves invisible U> the 
naked eye. But we shall converse more at 
large on this matter, when we come to consider 
the subject of optics, and the construction and 
uses of the solar microscope. At present we 
will turn our thoughts to that principle iji na- 
ture, which philosophers have agreed to call 
gravity or attraction. v 

Charles, If there be no more difficulties in 
philosophy than we met with in our last lecture, 
I do not fear but that we shall, in genenl, be 
able to understand it. Are there not, papa, seve- 
ral k inds of gravity ? 

Father. Yes, there are ; two of which it will 
be sufficient for our present purpose to describe ; 
the one is the aitr action of eohesUm ; the other 
that oi gravitation. The attraction of cohesion 
is that power which keeps the parts of bodies 
together when they touch, and prevents them 
from separating^ or which inclines the parts of 
bodies to unite, when they are placed sufficient- 
ly near to each other. 

Charles. Is it then by the attraction of cohe- 
sion that the parts or this lable^ or of the pM- 
knife, are kept together ? " 
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Father, The instances which you have select- 
ed are accurate, but you might have said the 
same of every other solid substance in the room, 
and it is in proportion to the different degrees of 
attraction v^ith which different substances are 
affected, that some bodies are hard, others soft, 
tough, &c. A Philosopher in Hpllanc^ almost 
a century ago, took great pains in ascertaining 
the different degrees of cohesion, which belong- 
ed to various kinds of wood, metals, and many 
other substances. A short account of the expe- 
rim^ts made by M. Musschenbroek, you will 
hereafter find in yiour own language, in the se- 
cond edition of Dr. Enfield's Institutes of Natu- 
ral Philosophy. 

Charles. You once showed me that two lead- 
en bullets having a little scraped from the sui^ 
faces would stick together with great force ; you 
called that, I believe, the attraction of cohe- 
sion? 

Father, I did : sonne philosophers who have 
made this experiment wi|h, great attention and 
accuracy, assert, that if the fiat ^surfaces, which 
are presented to one another, be but a quarter of 
an inch in diameter, scraped very smooth, and 
forcibly pressed together with a twist, a weight 
of a hundred pounds is frequently required to 
separate them. 

As it is by this kind of attraction that the 
parts of solid bodies are kept together, so wnen 
any substance is separated or broken, it is only 
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the attraction of coliesion, that is overcome in 
that particulaf part. 

Emtna, Then, papa, when I had the misfor- 
tune this morning at breakfast, to let my saucer 
slip from mj han^9, hy which it was broken into 
several pieces, was it only the attraction of co- 
hesion that was overcome by the parts of the 
saucer being separated by its fall on the'^ound? 

Falker. Just so ; for whether you unluckily 
break the china, or cut a stick with your knife, 
or melt lead over t^ie fire, as your brother some- 
times do^s, in order to make plummets: these 
and a thousand other instances, which are con- 
tinually occu-rring, are but examples in which 
the cohesion is overcome by the fall, the knife, 
or the fire. 

Emma, The brpken sattcer being highly 
valued by mamma, she has taken the pkiina to join 
it again with white lead ; was this performed by 
means of the attraction of cohesion ? 

Father,^ It was, hiy dear ; and hence you will 
easily learn that many operations in cookery ate 
in fact nothing more than difierent methods of 
causing this attraction to takf -place. Thus flour, 
by itself, has little, or nothing of this principle, 
but when mixed with milk, or other liquids, to 
a prbper consistency, the parts cohere strongly, 
and this cohesion in many instances becomes, 
s^ill stronger, bv m^ans of the heat applied to it 
in boiling or baking. ^ ^ 
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Charles. You put me in mind, papa^ of the 
fable of the man blowing hot and cold : for in the 
instance of the had^ fire overcomes the attraction 
of cohesion ; and the same power, heat, when 
applied to puddings, bread, &c. causes their 
parts to cohere more powerfully. How are we 
to understand this ? ^ 

Father. I will endeavour to remove your diffi- 
culty. Heat expands all bodies without excep* 
tion, as you shall see before we have finished our 
lectures. Now the fire applied to metals in or- 
der to melt them, causes such an expansion, that 
the particles are thrown out of the sphere, or 
reach of each other's attraction : whereas the 
heat communicated in the operations of cookery, 
is sufficient to expand the particles of flour, but 
is not enough to overcome the attraction of cohe- 
sion. Besides, }rour mamma will tell you that the 
heat of boiling would frequently disunite the 
parts of which her puddings are composed, if 
she did not take the precaution of enclosing them 
in a cloth, leaving them just room enoiigh to ex- 
pand without the liberty of breaking to pieces ; 
and the moment they are taken from the water, 
they lose their superabundant heat, and become 
solid. 

Emmf^, When Ann the cook mak^s broth for 
little brother, it is the heat then which over- 
comes the attraction which the particles of meat 
have for each other, for I have Ci^en her pour off 
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the broth, and the meat is all i» rags. But will 
not the heat overcome the attraction which the 
parts of the bones have for each other ? 

Father, The heat of boiling water will never 
effect this, but a machine was invented several 
years ago, by Mr. Papin, for that purpose. It 
is called Papin's digester, and is used in taverns, 
and in many large families, for the purpose of 
dissolving bones, as completely as a lesser de- 
cree of heat will liquefy jdly. On some future 
day I will show you an engraving of this ma- 
chine, and explain its different parts, which are 
extremely . simple.* 



CONVERSATION IV. 



Of the Attraction of Cohesioiu 

Father. I will now mention some other in- 
stances of this great law of nature. . If two 
polished plates of marble, or brass, be put to- 
gether with a little oil between them to fill up 
the pores in their surfaces, they will cohere so 
nowerfully asr tb require a very considerable 
force to separate them.— Two globules of quick- 

• S«c Vol, n. Conver. XL. 
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silver placed very aear to each other, will run 
together and form one large drop. — Drops of 
water will do the same. — Two circular pieces 
of cork placed upon water at about an inch dis- 
tant will run together.-^Balance a piece of 
smooth board on the end of a scale beam ; then 
let it lie flat on water, and five or six times its 
own weight will be required to separate it from 
the water. If a small globule of quicksilver be 
laid on clean, paper, and a piece of glass be 
brought into contact with it, the mercury will 
adhere to it, and be drawn away from the paper. 
But bring a larger globule into contact with the 
smaller one, and it will forsake the glass, and 
unite with the other quicksilver. 

Charles, Did not you tell me that it was by 
means of the attraction of cohesion, that the 
little tea which is generally left at the bottom 
of the cup instantly ascends in the sugar when 
thrown into it? 

Father. The ascent of water or other liquids 
in sugar, sponge, and all porous bodies, is a 
species of this attraction, and is called capillary* 
attraction; it is thus denominated from the pro- 
perty which tubes of very small bore, scarce- 
ly larger than to admit a hair, have of causing 
water to stand above its level. 

Charles. Is this property visible in no other 
tubes than those, the bores of which are so ex- 
ceedingly &ne? 

* From eapiUuSf the JLatin word forhtdir. 
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Father, Yes, it is very apparent in tuben 
Whose diameters are one-tenth of an inch or 
moTB in length, but the smaller tiie bore, the 
higher the fluid rises ; for it ascends, in all in- 
stances, till the weight of the column of water 
in the tube balances, or is equal to the attrac- 
tion of the tube. By immersing tubes of dif- 
ferent bores in a vessel of coloured water, you 
will see that the water rises as muoh higher in 
the smaller tube, than in the larger, as its bore 
is less tiian that of the larger. The water will 
rise a quarter of an inch, and there remain sus- 
pended in a tube, whose bore is about one- 
eighth of an inch in diameter. 

This kind of attraction is well illustrated, by 
taking (Plate i..Fig. 5.) two pieces of glass 
joined together at the side bc, and kept a little 
open at the opposite side ad, by a small piece of 
cork £. In this position immerse them in a dish 
of coloured water, f0, and you will observe that 
the attraction of the glass at, and near Ac, will 
cause the fluid to ascend to b, whereas aboyt 
the parts b, it scarcely rises abave the level of 
the water in the vessel. 

C harks. I see that a curve is formed by the 
water. 

Father, There is, and to this curve there are 
many curious properties belonging, as you will 
hereafter be able to investigate foi^ yourself. 

Emma. Is it not upon the principle of the 

VOL. I. 
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attraction of cohesiQiiy that carpenters ghie their 
work toother ? 

Father. It is upon this principle that carpen- 
ters and cabinet makers make use of glue ; that 
braziers, tinmen, plumbers, &c. solder their 
metals; and that .smiths unite different bars of 
iron by means of heat These and a thousand 
other operations, of which we are continually 
the witnesses, depend on the same principle* as 
that which induced your mammi to use the 
white lead in mending her saucer. And you 
ought to be told, that though white lead is fre- 
quently used as a cement for broken china, 
glass, and earthen ware, yet if the vessels are 
to be brought again into use, it is not a proper 
cement, being ao active poison; besides, one 
much stronger has becQ discovered, I believe, 
by a very able and ingenious philosopher, the 
late Dr. Ingenfaouz, at least I had it from him 
several years ago; it consists simply of a mix- 
ture of quick-lime, and Gloucester cheese, ren- 
d^red soft by warm water, and worked up to a 
proper consistency. 

Emma. What ! do such great philosophers, 
as I have heard you say Pr. Ingenhouz was, at- 
tend to such trifling things as these ? 

Father. He was a man deeply skilled in many 
branches of science ; and I hope that you and 
your brother will one day make yourselves ac* 
quainted with many of his important discove- 



ATTRACTION OF COHXSION. 27 

lies. But no real philosopher will consider it 
beneath his attention to add to the eonveniences 
of life. 

Charlea. This attraction of cohesion seems to 
pervade the whole of nature* 

Father. It does, but you will not forget that 
it acts only at very small distances. Some bo^ 
dies indeed appear to possess a power the reverse 
of the attraction of cohesion. 

Emma. What is that, papa? 

Father. It is called repulsion. 
Thus water repels most bodies till they are wet 
A small needle carefully placed on water will 
swim : flies walk upon it without wetting their 
feet: 

Or bathe unwet their oily forms, and dwell 
With feet lepulaive on the dimpling well. 

The drops of dew which appear in a morning 
on plants, particularly on cabbage plants, asisume 
a globular form,. from the mutual attraction be- 
tweep the particles of water ; and upon examina- 
tion it will be found that the drops do not touch 
the leaves, for they will roll off in compact bo- 
dies, which could not be the case if there sub- 
sisted any degree of attraction between the water 
and the leaf. 

If a small \thin piece of iron be laid upon, 
quicksilver, the repulsion between the different 
metals will cause the surface of the (juicksilver 
near the iron to be depressed. 
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The repelling force of the particles of a fluid 
is but small ; tji^refore, if a fluid be divided, it 
easily unites again. But if a glass or any hard 
substance be broken^ the parts cannot be made 
to cohere^ without being first moistened, be- 
cause the repulsion is too great to admit of a re- 
union. 

The repelliag force between water and oil is 
likewise so great, that it is impossible to mix 
them in such a muoiner, that they shall not se- 
parate again. 

If a ball of light wood be dipped in oil, and 
then put into water, the water will recede so as 
to form a small channel around the liall. 

Charks, Why do cane, steel, and many other 
things bear to be bent without breaking, and 
when set at liberty again, recover their original 
form? 

Father. That a piece of thin steel, or cane, 
recovers * its usual form after being bent, is 
owing to a certain power called elasticity; 
which may, perhaps, arise from llie particles of 
those bodies^ though disturbed, not being drawn- 
out of each other's attraction ; therefore, as soon 
as the force upon them ceases to act, they restore 
themselves to their former position. — ^But our 
half hour is expired, I must leave you. 
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CONVERSATION V. 



Of the Attraction of GmvilitioD. 

Father. We will now proceed to discuss 
another very important general principle in na* 
ture ; the attraction of gravitation^ or, as it is 
frequently termed, gravity, which is that power 
by which distant bodies tend towards eadi 
other. Of this we have perpetual instances in 
the falling of bodies to the eaith; 

Charles. Am I then to understand, that 
whether this marble fails from'Siy hand ; or a 
loose brick from the top of a house ; or an ap- 
ple from the tree in the. orchard, that all these 
happen by the attraction of gravity ? 

Father^ It is by the power which is common- 
ly expressed under the term grafnty^ that all 
bodies whatever have a tendency to the earth, 
and, unless supported, will fall in lines nearly 
perpendicular to its surface. 

Emma* But are not smoke, steam, and other 
light bodies which we see ascend, exceptions to 
thfe general rule? 

Father, It appears so at first sight, and it 
was formerly received as a general opinion, 
that smoke, steam, &c. possessed no weight: 
the discovery of the air-pump has shown the. 

c 2 
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fallacy of this notion ; for in an exhausted re- 
ceiver, that is, in a glass jar from which the 
air is taken away by means of the air*pump, 
smoke and steam descend by tt\eir own weight 
as completely as a piece of lead. When we come 
to converse on the subject of pneumatics and 
hydrostatics, you will understand that the rea* 
son why smoke and other bodies ascend, is 
simply because they are lighter than the at* 
mosphere which surrounds them, and the mo« 
ment they reach that part of it which has the 
same gravity with themselves, they cease to 
rise. ' 

Charles. Is it then by this power that all ter- 
restrial bodies remain firm on the earth ? 

Father. By gravity, bodies on all parts of the 
earth (which you know is of a globular form) 
are kept on its surface, because they all, where- 
ever situated, tend to the centre ; and, since all 
have a tendency to the eentre,^ the inhabitants of 
New Zealand, althou^ nearly opposite to our 
feet, stand as firm as we do in Great Britain. 

Charles. This is difficult to comprehend ; ne- 
vertheless, if bodies on all parts of the surface, 
of the earth have a tendency to the centre, there 
seems no reason why bodies should not stand 
firm on one part as well as another. Does tlfis 
power of gravity act alike on all bodies ? 

Father. It does, without any regard to their 
figure, or size ; for attraction or gravity acts 
upon bodies in proportion to the quantity t>f 
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matter /which they contain, that is, four times 
a greater force of gravity is exerted on a weight 
of foor pounds, than upon one of a single pound* 
The consequence of this principle is, that all 
bodies at eqqal distances from the earth fall 
with equal velocity. ' 

« Emma, What do you mean, papa, by velo^ 
city? 

Father. I ^ill explain it by an* example or 
two;* if you and Charles set oat together, and 
you walk a mile in half an hour, but he walk and 
run two miles in the same time, how much 
swifter will he go than you ? 

Emma. Twice as swift. 

Father. He does, because, in the same time, 
he passes over twice as mu^h space ; therefore 
we say his velocity was^wice as gfeat as yours. 
Suppose a ball, fired from a cannon, pass 
through 800 feet in a second of time ; and in 
the same time your brother's arrow pass through 
100 feet only, how much swifter does the can- 
non ball fly than the drrow ? 

Emn^a. Eight times swifter. 

Father. Then it has eight times the velocity 
of the arrow ; and hence you understand that 
swiftness and. velocity are synonymous terms ; 
and that the velocity of a body is measured by 
the space it passes ovei^ in a given time, 9S a 
second, a minute, an hour, &c. 

Emma. If I let a piece of metal, as a penny 
piece^ and a feather fall from my hand at the 
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same time^ the penny will reach the ground 
much sooner than the feather. Now how do you 
account for this if all bodies are equally affected 
by gravitation, and descend with equal- velo- 
cities, when at the same distance from the 
earth? 

Father, Though the penny and feather will 
not, in the open air, fall with equal velocity, yet 
if the air be ' taken away, which is easily done, 
by a little apparatus connected with th6 air-* 

?ump, they will descend in the same time. 
*herefore the true reason why light and heavy 
bodies do not fall with equal velocities, is, that 
\he former J in proportion to its weight, meets 
with a much greater 'resistance from the air 
tl)an the latter. , 

Charles. It is then, I imagine, from the same 
cause, that if I drop the penny and a piece of 
light wood into a vessel of water, the penny 
shall reach the bottom, but the wood, after de* 
scending a small way, rises to the surface. 

Father. In this case the resisting medium is 
water instead of air, and the copper being 
about nine times heavier than its bulk of water, 
falls to the bottom without* apparent resistancci. 
But the wood, being much lighter than water, 
cannot sink in it, therefore, though by its mo- 
m^ntumj* it sinks a small distanoe,«yet as soon 

* Tbe ezpianatioii of this term will be found in the next 
Convenation, 
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as that 18 oTercome by the resisting medium^ it 
rises to the surface, being the lighter sub- 
stance. ^ 



CONVERSATION VI. 



. Of the Attraction of Gravitfttion. 

Emma, The term mom^n/tfm which you made 
use of yesterday, is another word which I do not 
und^stand. , 

Father. If you have understood what I have 
said respecting the velocity of moving bodies, 
3rou will easify comprehend what is meant by 
the word momentum. 

The momentumj or moving force of a body, 
is its weight multiptied into its velocity. You 
may, for instance, place this pound weigl^ upoa 
a china plate without any danger of Weakihg, 
but if you let it fell from the height of only a 
few inches, it will dash the china to pieces. In 
the ^rst case, the {riate has only the pound 
weight to sustain, in the other, the weight must 
be multiplied into the velocity, or, to speak in a 
popular manner, into the distance of the heij^t 
from which it fell. 
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Jf a ball a (Plate i. Fig. 6.) lean against the 
obstacle b^ it will not be abl6 to overturn it, but 
if it be taken up to c and suffered to roll down 
the inclined plane ab against b^ it will oertainlj 
overthrow it^ — in the former case^ b would 
only have to resist the weight of the ball a^ in 
the latter it has to resist the weight multiplied 
into its motion or velocity. * 

Charles. Then the momentum of a small body 
whose velocity is very great, may be equal to 
that of a very large body with a slow velocity. 

Father. It may, and hence you see the reason 
why immense baUering rams, used by the an- 
cients, in the art of war, have given place to 
cannon balls of but a few pounds weight 

Sharks. I do : for what is wanting in weight, 
is made up by velocity^ 

Father^ Can you tell me what velocity a can- 
non ball of 2% pounds must have to effect the 
same purposes, as would be produced by a bat- 
tering ram of 15,000 pounds weight, anch which, 
by manual strength, could be moved at the rate 
of only two feet in a second of time? 

Chafits. I think I can ;— the momentum of 
the battering ram must be estimated by its weight, 
multiplied into the space passed over in a se- 
cond, which is 15,000 multiplied by two feet> 
equal to 30,000 ; now if this momentum, which 
must also be that of the cannon ball, be divided 
b^ the weight of the ball, it will give the velo- 
city required; and 30^000 divided by 28, will 
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give for the quotient 1072 nearly, which is the 
namber of feet which the cannon ball must pass 
over in a second of time, in opder that the mo- 
menta "of the battering ram and the ball may be 
equal, or in other words, that they may have the 
same eflbct in beating down an enemy's wall. 

Emma. I now folly comprehend what the mo- 
mentum of a body is, for if I let a common trap* 
ball accidentally fall from my hand, upon my 
foot, it occasions more pain than the pressure of 
a weight several times heavier. 

Charles. If the attraction of gravitation be a 
p^wer by which bodies in general tend towards 
each other, why do all bodies tend to the eiiih 
as a centre? 

Father. I have already told you that by the 
great Ifiw of gravitation, the attraction of all 
bodies is in proportion jto the quantity of matter 
which they contain. Now the earth, being so 
immensely large in comparison of ail other sub* 
Stances in its vicinity, destroys the effect of this 
attraction between smaller bodies, by bringing 
them all to itself. — If two balls are let fall from 
a high tower at a small distance apart ; though 
they have an attraction for one another, yet it 
will be as nothing when compared with the at> 
traction by which tiiey are both impelled to the 
earth, and consequently the tendency which 
they mutually have of approaching one another 
will not be perceived ,in the fall. If, however, 
any two bodies were placed in free space, and 
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out of the sphere of the earth's attraction, they 
would, in that case, assuredly fall towards each 
other, and that wiUi increased velocity as they 
oamis nearer. If the bodies were ^qual, they 
would meet in the middle point between th^ 
two ; bat if they were unequal, they would then 
meet as much nearer the larger one, as that 
contained a greater quantity of matter than the 
other. 

Charles. According to this, the earth ought 
to move towards falling bodies, as well as they 
move to it 

Father. It ought, and, in just theory, it does ;^ 
but when you calculate how many million of 
times larger the earth is than any thing belong- 
ing to it, and if you reckon at the same time, 
the small distances from which bodies can fall, 
you will know that the point where the falling 
bodies and earth will meet, is removed only to 
an indefinitely small distance from its surface, 
a distance much too small to be conceived b^ 
the human imagination. 

We will resume the subject of gravity to- 
morrow* 
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(!ONVERSATION VH. 



of the Attraction of Gravitatioi), 

Emma. Has the attraction of gravitation^ 
jpapa, the same efibct on all bodies, whatever be 
their distance from the earth. 

Father. No ; this, like every power which 
proceeds from a centre, decreases as the square3 
of the distances from that centre increase. 

Emma. I fear that I shall not understand 
this, unless you illustrate it by examples. 

Father. Suppose you are reading at the SJieh 
tance of one foot from a candle, and that you 
receive a certain, quantity of light on your book ; 
now if you remove to the distance of two feet 
from the candle, you will, by this law, receive 
four times less light than you had before ; here 
then, though you have increased your distance 
but two-fold, yet the light is diminished four- 
fold, because four is the square of two, or two 
multiplied by itself. If, instead of removing two 
feet from the candle, you take your station at 
3, 4, 5, or 6 feet distance, you will then receive 
at the different distances, 9, 16, 25, 36 times 
Jess light than when you were within a single 
VOL. jr. — ;I> 3 
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foot from the candle, for these, as you know, are 
the squares of the numbers, 3, 4, 5, and 6. The 
same is applicable to the heat imparted by a fire ; 
at the distance of one yard from which, a per- 
son will enjoy four times as much heat, as he 
who sits or stands two yards from it; and nine 
times as much as one that shall be removed to 
the distance of three yar£is. 

Charka. Is then the attraction of gravity 
four times less at a yard distance from the eartli^ 
than it is at the surface ? 

Father. Ho ; whatever be the cause of attrac- 
lion, which to this day remains undiscovered, it 
acts from the centre of the earth, and not from 
its surface, and hence the difference of the po^*er 
of gravity cannot be discerned at the small dis- 
tances to which we can have access ; for a mile 
or two, which is much higher than, in general, 
we have opportunities of making experiments, 
is nothing in comparison of 4000 miles, the 
distance of the centre from the surface of the 
earth. But could we ascend 4000 miles above 
the earth, and of course be double the distance 
that we now are from the centre, we should there 
find that the attractive force would be but one* 
fourth of what it is here ; or in. other words, 
that a body, which, at the surface of the earth, 
weighs one pound, and, by the force of gravity, 
falls through sixteen feet in a second of time, 
would at 4000 miles above the earth ^weigh but a 
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quarter of a pound, and fall through only four 
feet in a second.* _ 

Emnuz, How is that known, papa^ for nobody 
ever was there ? 

Father. You are right, my dear, for Garne- 
rin, who last summer astonished all the people 
of the metropolis and its neighbourhood, by his 
flight in a balloon, ascended but a little way in 
comparison of the distance that we are speaking 
ot However, I will try to explain in what man- 
ner philosophers have come by their knowledge 
on this subject 

The moon is a heavy body, connected with 
ihe earth by this bond of attraction, and by the 
most accurate observations, it is known to be 
obedient to the same laws as other heavy bodies 
are: its distance is also clearly ascertained, 
being about 240,000 miles, or equal to about 
sixty semi-diameters of the earth, and of course 
the earth's attraction upon the moon ought to 
diminish in the proportion of the square of this 
distance, that is, it ought to be 60 times 60^ or/ 



I * Ex. Suppose it were required to find the wei|^bt of a 
leaden ball, at the top of a mountain three miles high» which 
on the suHkce of the earth weighs 20Ib. 

If the semi-diameter of the earth, be taken at 4000 ; then 
add to this the height of the mouDtain» and say as the square 
of 4003 is to the square of 400Q, so is 201b. to a fourth pro- 
portional : or as 16024009 : 16000000 : : 20 : 19.97 or some- 
thing more than 19Ib. 15^ oz. which is the weight of the 
leaden ball at the top of the mountain. 
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3600 times less at the moon than it is at the stiN 
face of the earth. This is found to be the case. 

Again, the earth is not a perfect sphere* but a 
ipheroid, that is, of the shape pf an oraiige, 
rather flat at ^ the two ends called the poles, and 
the distance from the centre to the poles is about 
eighteen or nineteen mile^ less than its distance 
from the centre to the equator, consequently, 
bodies ought to be |omething heavier at, and 
Dear the poles, than they are at the equator, 
%hich is also found to be the case. Hence it isr 
inferred that the attraction of gralritation varies 
at all distances from the centre of the earth, in 
proportion as the squares of those distances 
increase.* 

Charles. It seems very surprising that philo- 
sophers, who have discovered so many thingsf^ 
have not been able to find out the cause of gra- 
vity. Had Sir Isaac Newton been asked why a 
marble, dropped from the hand, falls to the 
ground, could he not have assigned a reason? 

Father. That great man, probably th'e great- 
est man that ever adorned this world, was as 
modest as he was great, and he wogld have told 
you he knew not the cause. 

The excellent and learned Dr. Price, in a 
work which he published twenty-five years ago, 
asks, <<who does not remember a time when he 

•See Vol I. Conver. XXVTt 



ATTBACTIOK OP GRAVITATIOK. 41 

would have wondered at the question, why does 
water run down hill? What' ignorant man is 
there who is not persuaded that he understands 
this perfectly? But every improved man knows 
it to be a question he cannot answer." For the 
descent of water, like that of other heavy bo- 
dies, depends upon the attraction of gravitation, 
the cause of which is still involved in darkness. 

Emma. You just now said that heavy bodies 
by the force of gravity fall sixteen feet in a se- 
cond of time, is that always the ease ? 

Father. Yes, all bodies near the surfaceiof 
the earth fall at that rate in the first second of 
time, but as the attraction of gravitation is 
continually acting, so the velocity of falling bo- 
dies is an increasing, or, as it is usually called, 
an accelerating velocity. It is found by very 
accurate experiments, that a body, descending 
from a considerable height by the force of gra- 
vity, falls 16 feet in the first second of time ; 3 
times 1 6 feet in the next; 5 times 16 feet in the 
third; 7 times 16 feet in the fourth second of 
time ; and so on, continually increasing accord- 
ing to the odd nqmberr, 1, 3, 5, 7, 9, 11 ^ kp. 
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CONVERSATION Vllf. 



Of (ha Attraction of Qnivitatjon. 

JSImma. And wouid a ball of twenty pounds 
weight here^ weigh half an ounce Les3 on the 
top of the mountain ? 

Father. Certainly ; but you would not be able 
to ascertain it by means of a pair of scales^ and 
another weight, because both weights being in 
similar situations would lose equal portions of 
their gravity. 

Emma. How, then, would you make the ex- 
periment? 

Father. By means of one of those steel spiral- 
spring instruments, which you have seen occa- 
sionally used, the fact might he ascertained. 

Charies I think, from what you told us yes- 
terday, that with the assistance of your stop- 
watch, I could tell the height of any place, by 
observing the number of seconds, that a marble 
or otl^er heavy body would take in falling from 
that height. 

Father, How would you perform the calcu- 
lation?. 

Charles. I should go through the multiplica- 
tions according to the num|)er of seconds, and 
tjien add them together. 
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Pother. Explain yourself more particularly : • 
supposing you were to let a marble or penny- 

!»iece fiill aQwn that deep well which we saw 
ast summer in the brick field near Ramsgate, 
and that it was exactly five seconds in the de- 
scent, what would be the depth of the well ? 

Charles, In tiie first second it would fall 16 
feet; in the next 3 times 16 or 48 feet; in tiie 
third 5 times 16 or 80 feet; in the fourth 7 
times 16 or 112 feet; and in the fifth second 9 
times 16 or 144 feet ; dow if I add 16, 48, 80» 
112, arid 144 together, the aum will be 400 feet, 
which, according to your rule, is Che depth of 
the well. But was the well so deep? 

Father. I do not think it was, but w« did hot 
make the experiment ; should we evel^ go to that' 

?laee again, you may satisfy your curiosity^ 
'ou recollect that at Dover Oastle we were told 
of a wett there 360 feet deep. 

Thou^ yodr calculation was accurate, yet it 
was not done as nature effects her operations, it 
was not performed in &e shortest way. 

Charles. I Should be pleased to know an easier 
method; this, however, is very simple, it re- 
quired nothing but mulliplioation and addition. 
F0iher. True, but i^ppose I had given vou an 
example in which tho number of seconds had 
been fifty, instead of five, the work would have 
taken you an hour or more to have performed 
it: whereas, by the rule which I am going to 
^ive, it might have been done in half a minute. 
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Charles. Fray let me have it^ papa, I hope it 
will be easily remembered. 

Father. It will ; I think it cannot be forgotten 

after it is once understood. The rule is this,^ 

<^ the spaces described by a body falling freely 

from a state of rest ^ increase ds the squares 

of the times increase.'^ Consequently you have 

only to square the number of seconds, that is, 

you know, to multiply the number into itself ; 

and then multiply that again by sixteen feet, the 

.space which it describes in the first second, and 

you have the required answer. Now try the 

: e^ampl^ of the well. 

Charles. The square of 5, for the time, is 25, 
which multiplied by 16 gives 400. just as I 
brought it out before. Now if the seconds had 
been 50, the answer would be 50 times 50, which 
is 2500, and this multiplied by 16, gives 40,000 
for the space required. 

Father. I will how ask your sister a question, 
to try how she has understood this subject Sup- 
pose you observe by this watch that the time of 
the flight of your brother's arrow is exactly six 
seconds, to what height does it arise ? 

Emma. This is a different question, because 
Iitere the ascent as well as the jail of the arrow 
is to be considered. 

Father. But you will remember, that the 
time of the ascent is. always equal to that of 
the descent; for as the velocity of the descent 
is generated by the force of gravity, so is 
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the velocity of the ascent destroyed by the same 
force. 

Emma. Then the arrow was three sec6hd« 
only in falling ; now the square of 3 is 9, which 
multiplied by 16*, for the number of feet describ- 
ed in the first second, is equal to 144 feet, the 
height to which it rose. 

Father. Now, Charles, if I get you a bow 
which will carry an arrow so nigh as to be 
fourteen seconds in its flight, can you tell me 
the height to which it aspends ? 

Charles. I can now answer you without hesi- 
tation :-^it will be 7 seconds in falling, the 
square of which is 49, and this again multiplied 
l^y 16 will give 784 feet, or rather more than 
1261 yards for the answer. 

Father. If you will now consider the example 
which you did the long way, you will see that 
the rule which I have given you answers very 
eompletelyw In the first second the body fell 16 
feet, and in the next 48, these added together 
make 64, which is the square of the 2 seconds 
multiplied by 16. The same holds true of the 
3 first seconds, for in the third'second it fell 80 
feet, which added to the 64, give 144 equal to 
the square of 3 multiplied by Ifi. Again, in 
the fourth second it fell 112 feet, which added to 
144, gives 256 equal to the sqdare of 4 multi- 
plied by 16: and in the fifth second it fell 144 
feet, which added td 256, give 400 equal to the 
square of 5 multiplied 1^ 16. Thus you will 
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find, the rule holdi in all cases, thai the.spaces 
described by bodies falling freely from a state 
!{/* resty increase €ts the sqnABss qf the times 
increase. 

Charles. I think I shall not forget the rule. I 
vfill also show my cousin Henry how he may 
kpow the height to which his bow will carry. 

Father. The surest way of keeping what 
knowledge we have obtained, is by communi* 
eating it to our friends. 

Charles. It is a very pleasant cifcumstancey 
indeed, that the »ving liway is the best method 
of keeping, for 1 am sure, the being able to 
oblige on^ friends is a ptiost delightful thing* 

rather. I haire but a word or two more upon 
the subject: since the whole spaces described 
increase as the squares of the times increase, so 
also the velocities of falling bodies increase ii^ 
the same proportion; for you know that the 
Telocity must be measured by the space passed 
through. Thus if a person travels six miles an 
hour, and another person travels twelve miles in 
the same time, the latter will go with double the 
velocity of the former :. qonsequently the veloci- 
ties of falling bodies increase as the squares of 
the times increase. 

If now you compare the spaces described by 
falling bodies in the several moments of time 
taken sqparatelyj and in their order from the 
beginning of the fall, then they, and consequent- 
ly their velociti^ fdso, are to one another as the 
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odd numbers, 1, 3, 5, 7, 9, 11, 13, &c. taken in 
their natural order, as you will observe by re- 
flecting on the foregoing examples* 

Wi£ this we conclude our present conversa- 
tion. 



CONVERSATION IX. 



Of the Centre of Giavit/. 

Father.^ We are now going to treat upon the 
Centre of Qramty, which is that point of a body 
in which its whole weight is ai it were concen- 
trated, and upon which if the body be freely sus- 
pended it will rest; mnd in all other positions it 
will endeavour to descend to the lowest place to 
which it can get 

Charles. AH bodies then, of whatever shape, 
have a centre of gravity ? 

Father. They have : and if yon conceive a 
line drawn froqi the centre of gravity of a body 
towards the centre of the earth, that line is 
called the line of direction, along which every 
body, not supported, endeavours to fall. If the 
line of direction fall within the base of any body^ 
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it will stand; but if it does not fall witliin thi. 
bascy the body will fall. 

If I place the piece of wood a (Plate i. Fig. 
7. ) on the edge of a table, and from a pin a at 
its centre of gravity be hung a little weight £, 
the line of direction ab falls within the base, and 
therefore, though the wood leans, yet it stands 
secure. But if upon a, another piece of wood b 
be placed, it is evident that the centre of gravity 
of the whole will be now raised to c, at which 
point if. a weight be hung, it will be found that 
the line of direction falls out of the base, and 
therefore the body must fall. 

Emma. I think I now see the reason of the 
;iidvice which you gave me, when we were going 
across the Thames in a boat 

Father, I told you that if ever you were over- 
taken by a storm, or by a squall of wiftd while 
you were on the water, never to let yourfears so 
get the better of you, as to make you rise from 
your seat, because by so doing you would elevate 
the centre of gravity, and thereby, as is evident 
by the last experiment, increase the danger: 
whereas, if all the persons in the vessel were, 
at the moment of danger, instantly to slip from 
their places on to the bottom, the risk would be 
exceedingly diminished, by bringing the centre 
of gravity much lower within the vessel. The 
same principle is applicable to those who may 
be in danger of being overturned in any carriage 
whatever. 
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Emma. Surely thetiy papa, those isrtages which 
load their tops with a dozen or more people, 
cannot be safe for the passengers. 

Father, They are very unsafe, but they would 
be more so, were not the roads about the metro- 
polis remarkably even and good: and, in gene- 
ral, it is only within twenty or thirty miles of 
London, or other great towns, that the tops of 
carriages are loaded to excess. 

Charks. 1 understand then, that the nearer 
the centre of gravity is to the base of a body, 
the firmer it will stand. 

Father. Certainly; and hence you learn the 
reason why conical bodies stand so sure on their 
bases, for the tops being small in comparison of 
the lower parts, the centre of gravity is thrown 
very low : and if the cone be upright or perpen- 
dicular, the line of direction falls in the middle 
of the base, which is another fundamental pro- 
^perty of steadiness in bodies. For the broader 
the base, and the nearer the line of direction is 
to the middle of it, the more firmly does a body 
stand : but if the line of direction fall near the 
edge, the body is easily overthrown* 

Chaf*les. Is that the reason why a ball is so 
easily rolled along a horizontal plane? 

Father^ It is ; for in all spherical bodies, the 
base is but a point, consequently almost the 
smallest force is sufficient to remove the line of 
direction out of i^ Hence it is evident, that 
heavy bodies situated on an inclined plane wiL1« 
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while the line of direction falls within the ba$e, 
slide down upon the plane ; but they will roll 
when that line falls without the base. The body 
A (Plate I. Fig. 8.) will slide down the plane 
PE, but the bodies b and g will roll down it 

Emma. I have seen buildings lean very much 
out of a straight line, why do they not fall? 

Father. It does not follow, because a building 
leans, that the centre of gravity dpes not fall 
within the base. There is a high tower at Pisa^ 
a town in Italy, which leans fifteen feet out of 
the perpendicular ; strangers tremble to pass 
by itj still it is found by experiment that the 
line of direction falls within the base, and 
therefore it will stand while its materials hold 
together. 

A wall at Bridgenorth, in Shropshire, which 
i have seen^ stands in a similar situation, for so 
long as a line cb (Pate ii. Fig. 9.) let fall from 
the centre of gravity c of the building ab, passes 
within the base cb, it will remain firm, unless 
the materials with which it is built go to decay. 

Charles. It must be of great use in. many 
cases to know the method of finding the centre 
of gravity in difierent kinds of bodies. 

Father^ There are many easy rules for this 
with respect to all manageable bodies; I will 
mention one, which depends on the property 
which the centre of gravity has, of always en- 
deavouring to descend to the lowest point 

If a body a (Plate n. Fig. 10.) be freely sus- 
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pended on a pin a^ and a plumb line a b be hung 
by the same pin, jt will pass through the centre 
of gravity, for that centre is not in the lowest 
point, till it fall in the same line as the plumb 
line. Mark the line a b; then hang the body up 
by any other point, as n, with the plumb line 
BS, which will also pass through the cen^ of 
gravity for the same reason as before; and 
therefore as the centre of gravity is somewhere 
in a B, and also in some point of db, it jmust be- 
in the point c where those lines eros9- 
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CONVERSATION X. 



Of the Centre of Gravity. 

Charles* How do those people who have to 
load carts and wagons with light goods, as hay, 
woolj &c., know where to find the centre of 
gravity ? 

Father, Perhaps the generality of them never 
heard of such a principle ; and it seems surpris- 
ing that they should nevertheless make up their 
loads with such accuracy as to keep the line of 
direction in or near the middle of the base* 
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Emma. I have sometimes trembled ta pass 
by the hop-wagons whkh we have met on the 
Kent roteicL 

Father, And without any impeachment of 
your courage, for they are loaded to such an 
enormous height, that they totter every inch of 
the road. It would indeed be impossible for one 
of these to pass with tolerable security along a 
road much inclined ; the centre of gravity being 
removed so high above the body of the car^ 
riage, a small declination on one side or other 
would throw the line of direction out of the 
base. 

Emma. When brother James falls about, is 
it because he cannot keep the centre of gravity 
between his feet? 

Father, That is the precise reason why apy 
person, whether old or young, falls. And hence 
you learn that a man stands much firmer with 
his feet a little apart than if they were quite 
close, for by separating them he increases the 
base. Hence also the difficulty of sustaining a 
tall body, as a walking cane, upon a narrow 
foundation. 

Emma, How do rope and wire dancers, whom 
I have seen at the Circus, manage to balance 
themselves? 

Father. They generally hold a long pole, 
with weights at each end, across the rope on 
which they dance, keeping their eyes fixed on 
some object, parallel to the rope, by which 



means they know when their centre of gravity 
declines to one side of the rope or the other, and 
thus by the help of the pole, they are enabled 
to keep the centre of gravity over the base^ 
narrow as it is. It is not however rope-dancera 
only that pay attention to this principle^ but 
the most common actions of the people in gene- 
ral are regulated by it 

CharM. In what respects? 

Father. We bend forward, when we go up 
stairs, or rise from our chair, for when we are 
sitting, our centre of gravity is on the seat, and 
the line of direction falls behind our base ; we 
therefore lean forwards to bring the line of di- 
rection towards our feet. For £e same reason 
A man carrying a burden on his back leans for- 
ward: and backward if he carries it on his 
breast If the load be placed on one shoulder 
he leans to the other. If we slip or stumble 
with one foot, we naturally extend the opposite 
arm, making Uie same use of it as the jrope- 
dancer does of his pole. 

This property of the centre of gravity always 
endeavouring to descend, will account for ap- 
pearances, which are sometimes exhibited to ex- 
cite the jsurprise of spectatmtr. 

Emma. What are those, papa? 

Father. t)ne is, that of a double cone, ap- 
pearing to roll up two inclined planes, fonning 
an angte with eadi other, for as it rolls it sinks 
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between them) and by that means the centre o£ 
gravity is actually descending. 

Let a body fs (Plate n. Fig. I3») consisting 
of two equal cones uniting at their bases, be 
placed upon the edges of two straight smooth 
rulers, ab and en, which at one end meet in aa 
angle at a, and rest on a horizontal plane; and 
at the other are raised a little above the plane ; 
the body will roll towarda the elevated end of 
the rulers, and appear to ascend; the parts of 
the cone that rest on the rulers growing smaller 
as they go over a large opening, and thus letting 
it down, the centre of gravity descends. But 
you must remember that the height of die planes 
must be less than the radius of the .base of the 
cone, V 

Charles. Is it upon this principle that a cylin- 
der is made to roll up hill ? 

Father. Yes, it is ; but this can be effected 
only to a small distance. If a cylinder of paste-* 
board, or very light wood ab, (Plate ii. Fig. 
11.) having iu centre of gravity at c, be placed 
on the inclined plane €n, it will roll down the 
inclined plane, because a line of direction from 
that centre lies out of the base. If I now fill 
the little hole e above with a plug of lead, it wiB 
roll up the inclined plane, till the lead gets near 
the base, where it will lie still : because the 
centre of gravity, by means of the lead, is re- 
moved from c towards the^tt|^ and' tterefcre 
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is deseendiogy though the cylinder is ascend- 
ing. 

Before I put an end to this subject^ I will 
show you atiother experimeiity ivhich without 
understanding the principle of the centre of 
gravity cannot be explained. Upon this stick 
Af (Platen. Fig. 12.) which, of itself, would 
fally because its centre of gravity hangs over 
the table ef, I suspend a bucket b, fixing 
ano1})er stick a, one end in a notch between a 
and kf and tiie other against the inside of the 
pail at the bottom. Now you will see that the 
pucket will, in this position, be supported, 
though filled with water. For the bucket being 
pushed a little out of the perpendicular, by the 
stick 0, the centre of gravity of the whole is 
brought under the table, and is consequently 
mipported by it. 

The knowledge of the principle of the centre 
.of gravity in bodies, will enable you to explain 
the structure of a variety of toys which are put 
into the hands of children, such as the little 
sawyer; rcp^^dan^er ; tumbieTf ^€. 
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CONVERSATION XL 



On the LawB of Hotian. 

Charles. Are ^ou now going, papa, to de- 
scribe those machmesi whi(^h you call mechanic 
cal powers? 

Father. We must, I believe, defer that a day 
or two longer, as I have a few more general 
principles with which I wish you previously to 
oe acquainted. 

Emma. What are these, papa ? 

Father. In the first place, you roost well unr 
derstand what are denominated the three gene- 
ral laws of motion : the first of which is, **thaf 
every body will continue in its state o/restf or qf 
uniform motion^ until it is compelled by some 
force to change its state.^^* 

Charles, There is no difficulty of conceiving 
that a body, as this inkstand, in a state of rest^ 

* The author is aware that this Law of Motion u not ad- 
mitted by some modem plulosophers of high name ; to him» 
however, their reasoning^ appear inconclusive. At any rate, 
in a work intended for very young minds, he thinks it a duty 
to avoid metaphysical distinctions : preferring, nt all times^ 
rather to guioe them by matters of (act than to load their 
itender memories with curious and subtile theories. 
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must always remain so, if no external force be 
impressed upon it to give it motion. But I know 
of no example which will lead me to suppose^ 
that a body once put into motion would of itself 
continue so. 

Father. You will, I think, presently admit 
the latter part of the assertion, as well as the 
former, although it cannot be established by 
experiment 

Emma. I shall be glad to hear how this is. 

Father. You will not deny that the ball which 
you strike from the trap, has no more power 
either to destroy its motion, or cause any change 
in its velocity, than it has to change its shape. 

Charles, Certainly ; nevertheless, in a few 
seconds aft^r I have struck the ball with all my 
force, it falls to the ground, and then stops. 

Father. Do you find no difference in the time 
that is taken up before it conies to rest, even 
supposing your blow the same ? 

Charles. Yes, if I am playing on the grass, it 
rolls to a less distance,, than when I play on the 
smooth gravel. 

Father. You find a like difference when you 
are playing at marbles, if you play in the 
gravel court, or on the even pavement in the 
arcade. 

Charles. The marbles run so easily on the 
smooth stones in the arcade, that we ean scarce- 
ly shoot with a force small enough. 
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Emma. And I remember Clmrles aad my 
cousin were, last winter, trying how far they 
could shoot their marbles along the ice in the 
canal ; and they went a prodigiocw distance, in 
comparison of that Which they would have gone 
on the gravel, or even on die pavement in the 
arcade. 

Father. Now these instances properly applied 
will convince you, that a body once put into 
motion, would go on for ever, if it were not 
Qompelled by some external force to change its 
state. 

Charles. I perceive what you are going to 
say : — it is the rubbing or friction of the mar* 
bles against the ground which does the business. 
For on the pavement there are fewer obstacles 
than WBL the gravel, and fewer on the ice than 
on the pavement ; and hence you would lead us 
to conclude, that if all obstacles were removed, 
they might proceed on for ever. But what are 
we to say of the ball, what stops that ? 

Father. Besides friction, there is another and 
still more important circumstance to be taken 
into consideration, which affects the ball, mar- 
bles, and every body in motion. 

Charles. I understand you : that is the attrac- 
tion of gravitation. 

Father. It is : for from what we said when we 
conversed on that subject, it appeared that gra^ 
vity has a tendency to bring every body in mo- 
tion to the earth ; consequently, in a few seconds, 
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your ball must come to the ground by that cause 
alone ; but besides the attraction of gravitation, 
there is a resistance which the air, through 
which the ball moves, makes to its passage. 

'Emma. That cannot be much, I think. 

Father, Perhaps, with regard to the ball 
struck from your brother's trap, it is of no great 
consideration, because the velocity is but small ; 
but in all great velocities, as that of a ball from 
a musket or cannon, there will be a material 
difference between the theory and practice, if it 
be neglected in the calculation. Move your 
mamma's riding-whip through the air slowly, 
and you observe nothing to remind you that there 
is this resisting medium ; but if you swing it 
with considerable swiftness, the noise which it 
occasions will inform you of the resistance it 
meets with from something, which is the atmo* 
sphere. 

Charles* If I now understand you, the force 
which compels a body in motion to stop, is of 
three kinds; (1.) the attraction of gravitation ; 
— (2.) the resistance of the air; — and (3.) the 
resistance it meets with from friction. 

Father. You are quite right 

Charles. I have no difficulty of conceiving, 
that a body in motion, will not come to a state 
of rqst, till it is brought to it by*an external force, 
acting upon it in some way or other. I have 
seen a gentleman, when skating on very slippe- 
ry ice, go a great way without any exertion to 
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himself^ but where the ice was rough, he could 
not gd half the distance without making fresh 
efforts. 

Father, 1 will mention another instance or 
two on this law of motion. Put a basin of water 
into your little sister's wagon, and when the 
water is perfectly still, move the wagon, and the 
water, resisting the motion of the vessel, will at 
first rise up in the direction contrary to that ia 
which the vessel moves. If, when the motion of 
the vessel is communicated to the water, you 
suddenly stop the wagon, the water, in endea- 
vouring to continue the state of motion, rises up 
on the opposite side. 

In like manner, if while you are sitting qui- 
etly on your horse, the animal starts forward, 
you will be in danger of falling off backward ; 
but if while you are galloping along, the animal 
stops on a sudden, you will ^ be liable to be 
thrown forward. 

Charles. This, I know by experience, but^I 
was not aware of the reason of it till to*day« 

Father. One of the first, and not least impor* 
tant uses of the principles of natural philosophy 
is, that they may be applied to, and will explain 
many of the common concerns of life. 

We now come to ih^ second law of motion, 
which is ; — ^Hhat the change of motion is pro* 
portional to the force impressed, and in the 
direction qf that force.^' 

Charles^ There is no difficulty in this^ Cor if 
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while my erieket-ball is rolling along after 
Henry has btrucik it, I strike it again, it goes on 
with increased velocity , and that in proportion 
to the strength which I exert on the occasion ; 
whereas, if while it is rolling, I strike it back 
again, or give it a side blow, I change the di* 
rection of its course. 

Father. In the same way, gravity, and the re- 
sistance of the atmosphere, change the direc* 
tion of a cannon-ball from its coqrse in a straight 
line, and bring it to the ground ; and the l^U 
goes to a further er less distance in proportion 
to the quantity of powder used. 

The third law of motion is ; — " that to every 
action of one body upon another^ there is an 
equal and contrary re-<teiion.^^ If I strike this 
table, I communicate to it (which you perceive 
by the shaking of the glasses) the motion of my 
hand ; and tiie table re-acts against my hand just 
as much as my hand acts against the table: 
. If you press with your^nger one scale of a 
balance to k^p it in equilibrio with a pound 
weight in jthe other scale, you will perceive, that 
the scale pressed by the finger, acts against it 
with a force equal to a pound, with which the 
other scale endeavours to descend. 

A horse drawing a heavy load, is. as much 
drawn back by the load as he draws it forward. 
, Emma. I do not comprehend how the cart 
draws the horse. 

Father. But the progress of the horse is im- 
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peded by the load, which is the same thing: for 
the force which the horse exerts would carry him 
to a greater distanee in the same time, were he 
freed from the incumbrance of the load, a(nd 
therefore, as much as his progress falls short of 
that distance, so much is he, in effect, drawn 
back by the re-action of the loaded cart. 

Again, if you and ^our brother were in a boat, 
^nd if, by means of a rope, you were to attenipt 
to draw another to you, the boat in which you 
were would be as much pulled towards the emp- 
ty boat as that would be moved to you ; and if the 
weight of the two boats were equal, they would 
meet in a point half way between the two. 

If you strike a glass bottle with an iron ham- 
mer, the blow will be received by the hammer 
and the glass ; and it is immaterial whether the 
hammer be moved against the bottle at rest, or 
the bottle be moved against the hammer at rest, 
yet the bottle will be broken, though the hammer 
be not injured, because the same blow, which ia 
sufficient to break glass, is not sufficient to break 
or injure a mass of iron. , 

From this law of motion you may lesm in 
what manner a bird, by the stroke of its wings, 
is able to support the weight of its body. 

Charles. Pray explain this, papa. 

Father^ If the force with which it strikes the 
air below it, is egtuxl to the weight of its body, 
then the re-action of the air upwards is likewise 
equal to it/ and the bird being aoted upon by 
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two equal forces in contrary directions, will rest 
between them. If the tbrce of the stroke is 
greater than its weight, the bird will rise with 
the difference of these two forces; and l( the 
stroke be kss than its weight, then it will sink 
with the difference. 
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On the Laws of Motion. 

Charles. Are those laws of motion which you 
^explained yesterday of great importance in na- 
tural philosophy ? 

Father , Yes, they are, and should be carefully 
committed to memory. They were assumed by 
Sir Isaac Newton, as the fundamiental principles 
of mechanics, and you will find them a| the head 
of all books written on these .subjects! From 
these also, we are naturally led to some other 
branches of science, which, though we can but 
slightly mention, should not be wholly neglect- 
ed. They are, in fact, but corollaries to th^ 
laws of motion, . 

Emma. What is a corollary^ papa ? 
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Father. It is nothing more than some truth 
clearly deducible from some other tmth before 
demonstrated or admitted. Thus by the [first law 
of motion, evert/ body must endeavour to con* 
tinue in the state into which it is put, whether 
it be of rest J or uniform motion in a straight 
line: from which it follows as a corollary, "that 
when we see a body move in a curve linoy it 
must be acted upon by at least two forces." 

Charles. When I whirl a stone round in a 
sling, what are the two forces which act upon 
the stone? 

Father. There is the force, by which, if you 
let go the string, the stone will fly off in a ri^ht 
line; and there is the force of the hand, which 
keeps it in a circular motion. 

Emma. Are there any of these circular mo- 
tions in nature ? ^ 

Father. The moon, and all the planets moire 
by this law ;— to take the moOn as an ini^nee* 
It has a constant tendency to the earth, by the 
attraction of gravitation, and it has also a ten-^ 
dency to proceed in a right line, by that pro* 
jectile fpcce impressed upon it by the Creator, 
in the same manner as the stone flies from your 
hand ; now, by the joint action of these two for* 
ces it describes a circular nMtipn. 

Emma. And what would be the consequence^ 
supposing the projectile force to cease? 

Father. The moon must fall to the earth ; and 
if the force of gravity were to cease acting upon 



the moon, it would fl)r off into infinite space. 
Now the projectile force, when appUed to the 
planets, is called the cenirifugaKoreef as haring 
a tendency to recede of fly from the centre ; and 
the othor force is termed the ceHtripeial forcCi 
from its tendency to some point as a centre. 

Charks. And all this ia in consequence of the 
inactivity of matter, by which bodies have a ten- 
dencyto continue in the same state they are in^ 
whether of rest or motion ?* 

JPaih&r. You are- right ; and this principle, 
which Sir Isaac Newton assumed to be in all 
bodies, he called their via inertim. 

Charles. A few mm*nings ago, you showed us 
that the i^traction of the earth upon the moon^ 
is 3600 times leas than it is upon heavy bodies 
near the earth's suriace. rNov^ as this attraction 
is measured by the space fallen through in a 
giveatime, I have endeavoured to calculate the 
space which Uie moon would fall through in a 
minute, were the projectile force to cease. 

Father. Well, and how have you brought it 
out ? 

Charles. A body falls 16 feet in the first 
second, conisequently in a minute, or 60 seconds 
it would fall 60 times 60 feet,, multiplied by 16, 
that is 3600 feet, which is to be multiplied by 16 ; 
and as the, moon would fall through S600 times 
less space in a given time than a body here^ it 
would fall only 16 feet in the first minute^ 

* See Conversatioo IV. 
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Father. Your c^cuiation is ttcisurate. I will 
recall to your mind the second law, by which it 
appears, that every motion or change qf motion 
producedin a bodgfy must beproportionalto^ and 
in the directum qf J the force impressed. There- 
fore, if a inoviug body reeeirea an impulse in the 
direction of its motion, its velocity will be incneaa* 
ed ;-^if in die contrary direction, its veloeity 
will be diminished ; — ^but if the force be impress- 
ed in a direction oUique to that in which it 
moves, Uien its direction will be between that of 
its former motion, and that of die new force im- 
pressed. 

Charles. This I know from the observations I 
have made with my ericket^baU. 
^ Father. By this second law of motion, you 
will easily understand; ttiat if a body at rest re- 
ceives two impulses, at the same time, from for* 
ces whose directions do not ^incide, it will, by 
their joint action, be made to move in a liae 
that lies between tfie direction of the forces im- 
pressed. 

Emma. Have you any machine to prove this 
satisfactorily to thef senses ? 

Father. There are many such invented by 
different persons, descriptions of ' which you 
will hereuler find in various books on these sub- 
jects. But it is easily understood by a figure.' 
If on the ball a, (Plate n. Fig. 14. ) a force be 
impressed, sufBcient to make it move with a 
tmiform velocity to the point b, in a second of 



LAWS Of MOTION. 67 

time ; and if another force be also impressed on 
the ball, which alone would make it move to the 
point Cy in the same time ; the ball, by means of 
the two forces, will describe the line A d, which 
is a diagonal of the figure, whose sides are a c 
and A B. 

Charles. Howdien is motion produced in the 
direction df the force ; according to the second 
law, it ought to be in one case, in the direction 
A c, and in the other, in that of a b, whereas, it 
is in that of a d ? 

Father. Examine the figure a little attentire- 
ly, carrying this in your mind, that for a body 
to move in the same direction^ it is not necessary 
that it should move in the same straight line ; 
but that it is sufficient to move either in that 
line, or in any one parallel to it. 

Charles. I perceive then that the ball when 
arrived at b, has moved in the direction a c, be- 
cause B D is parallel to a c ; and also in the di- 
rection A B, because c 9 is parallel to it. 

Father. And in no other possible situation but 
at the point d cduld this experiment be conform- 
able to the second law of motion. 



1 
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CONVERSATION XIII. 



On the Laws of Motion. 

Father, If you reflect a little upon what wc 
said yesterday on the second law. of motion, you 
will readily deduce the following corollaries: 
(Platen. Fig 14.) 

1. That if the forces be equal, and act at right 
angles to one another, the line described by the 
I^all will be the diagonal of a square. But in all 
other eases, it will be the diagonal of a paral- 
lelogram of some kind. 

2. By varying the angle, and the forces, you 
vary the form of your paralielograh). 

Charles. Yes, papa ; and I see another con- 
sequence, viz. that the motions of two forces 
acting conjointly in this way, are not so great 
as when they act separately. 

Father, That is true^ and you are led to the 
conclusion, I suppose, from the recollection, 
that in every triangle any two ^ides taken to- 
gether are greater than the remaining side; 
and therefore you infer, and justly too, that the 
motions which the ball a must have received, 
had the forces been applied separately, would 
liave been equal to a c and a Bj or^ which is the 



LAWS OF MOTION. 69 

same tbingi to a c, and c d, the two sides of the 
triangle a d c, but by their joint action the mo- 
tion IS only eqaal to a b, the remaining side of 
the triangle. 

Henjce then you will remember, that in the 
composition^ or adding together of forces, (as 
this is called,) motion is always lost; and in ti^e 
resolution of any one force, as a d, into two 
others A c and A b, motion is gained. 

Charles. Well, papa, but how is it that the 
heavenly bodies, the moon for instance, which is 
impelled by two forces, performs her motion in 
a circular carve round the earth, and not in a 
diagonal between the direction of the projectile 
force and that of the attraction of gravity to the 
earth. 

Father. Because in the case just mentioned 
there was but the action of a single impulse in, 
each direction, whereas the %ction of gravity on 
the moon is continual, and causes an accelerat- 
ed motion, and hence the line is a curve. 

Charles. Supposing, then, that a represent the 
moon, and a g the sixteen feet through which it 
would fall in a second by the attraction of gra- 
vity towards the earth, and a b repr^ent the 
projectile force acting upon it for the same time. 
If A B ^nd A c acted as single impulses, the 
moon would in that case describe the diagonal 
A D ; but since these forces are constantly act- 
ing, and that of gravity is an accelerating force 
also, therefore, instead of the straight line a Vy 
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the moon will be drawn into the curve liiie Aaii* 
Do I understand the matter right? 

Father, You do ; and hence you easily com- 
pr^hentl bow, by ^ood instruments and calcula-* 
tion, the attraction of the, earth upon the moon 
was discovered. 

The tMrd\xw of motion, riz.thai aaiionand 
rC'-aciion are equal and in contrary direction^^ 
may be illustrated by the motion communicated 
by the percussion of elastic and non-elastic bo- 
dies. 
> Emma, What are thede, papa? 

Father. Elastic bodies are. those which have 
a certain spring, by which their parts, upon 
being pressed inwards, by percussion, return to 
their former state ; this property is evident in a 
ball of wool or cotton, or in sponge compressed* 
Non-elastic bodies are those which,^ when one 
strikes another, dq not rebound, but move to- 
gether after the stroke. 

Let two equal lyory balls a and b be suspended 
by threads; if a (Pxjitb ii. Eig. 15.^ be drawn 
a little out of the perpendicular, and let fall upon 
&, it will lose its motion by communicating it to 
i, which will be driven to a distance c, equal to 
that through which a fell ;. and hence it appears 
that the re-action of b, was equal to the action 
of a upon it. 

Emma. But do the parts of the ivory ballg 
yield by the stroke, or, as you call it, by the per- 
cussion ? 
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leather. They do ; for if I lay a little paint oi| 
aj and let it touch h, it will make but a very 
small speck upon it: h\xi \i it fall upon b^ the 
Bpeck will be much larger ; which proves that 
the balls are elastic^ and that a little hollow, or 
dent, was made in each by collision. If now two 
equal soft balls of clay ,, or glazier's putty, which 
are non-elastic, meet each other with equal ve* 
locities, they would stop' and stick together at 
the place of their meeting, as their mutual actions 
destroy each other. 

Charles, I have sometimes shot my white 
alley against another marble so plumply, that 
the marble has gone off as swiftly as the alley 
Approached it, and that remained in the place of 
the marble. Are marbles, therefore, as well ai^ 
ivory, elastic ? 

Father. They are.— If (hree elastic balls, «, 
hf c, (Plate in. Fig* 16.) be hung from adjoii^- 
ing centres, and c be drawii a little out of the 
perpendicular, and let fall upon by then will c 
and b become stationary, and a will be driven to 
o, the distance through which c fell upon & 

If you hang any number of bails, as six, eighty 
&c. so as to touch each other, and if you draw 
the outside one away to a little distance and then 
let it fall upon the others, the ballon the opposite 
side will be driven off, while the rest remain 
stationary, so equally is the action and re- 
action of the stationary balls divided among 
them. In the same manner, if tw© »e drawQ 
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aside and suffered to fall on the rest, the oppo-^ 
site two will fly off, aod the others remain sta- 
tionary. 

There is one other circumstance depending 
upon the action, and re-action of bodies, and 
also upon the vis inertias of matter, worth no*- 
ttcing : by some authors you will find it largely 
treated upon. 

If I strike a blacksmith's anvil with a ham- 
mer, action and re-action being equal, the an* 
yil strikes the hammer as forcibly as the ham- 
mer strikes the anvil. 

If the anvil be large enough, I might lay it 
on my breast and suffer you to strike it with a 
sledge hammer with all your strength, without 
pain or risque, for the vis inertise of the anvil 
resists the force of the blow. But if the anvil 
were but a pound or two in weight, your blow 
would probably kill me. 
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CONVERSATION XIV. 



On the Meobamcal Powem. 

' Charles. Will you now, papa, explain the 
fnecbanical powers ? 

Father. I will, and I hope you have not for* 
igotten what the momenium of a body is. 

Charles. No ; it is the force of a moving 
body, which force is to Jie estioiated by th^ 
we^ht, multiplied into its Telocity. 

Jrather. Then a small body may have an 
equal momentum with one much larger ? 

Charles. Yes, provided the smaller bodjr 
inoves as much swifter than the larger one, as 
the weight of the latter is greater than that of 
the former. 

Father. What do you mean when you say 
Aat one body moves swifter^ or has a greater 
Telocity than another? 

. Charles. That it passes over a greater spa&e 
in die same time. Your watch will explain my 
safeaoing; the )niauie-band travels round the 
dial plate in an hour, hut the hour-hand takes 
twelve hours to perfor,m its course in, censer 
^ei^Uy the v^ocity of the miouterhapd is twelve 
times greater than tfiat oi* the hour-hand j be^^ 

VOI>. I.— »(T- 2 
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cause, in the same time, viz, twelve houra^it 
travels twelve times the space that is gone 
through by the hoar-hand. , 

Father. But this can be only true on the sup* 
position, that the two circles are equal. . In my 
watch, the minute-hand is longer than the other^ 
and, consequently, the circle described by it is 
larger than that described by the hour-hand. 

Charles. I see at once, thai my reasoning 
holds good only in the case where the hands are- 
equal. 

Father. There is, however, a particular point 
of the longer hand, of which it may be said^ 
-with the strictest tru^, that it has exactly twelve 
times the velocity of the extremity of the shorter. 

Charles. That is the point, at which, if the 
remainder were cut off, the two hands would be 
equal. And, in fact, every different point of Ihe 
hand describes different spaeea in the sam^ 
time. 

Father. The little pivot on which the two 
hands seem to move (for they are really moved 
by different pivots, one within anotber)'may be 
called the centre of motion^ which is a. fixed 
point ; and the longer the ha/id is, the greater is 
the space described* 

Charles. The extremities of the vane» of a 
wind-mill, when they are going very fast, are 
scarcely distinguishable, t^ugh the separate ^ 
Iparts, fiearer the mill^ are easily discerned ; thit 
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h bwiiig t0 the velodty of the extremities being 
80 much greater than that of the other parts. 

Eihma. Did not the swiftness of the round* 
niiouts^ which we saw at the fair» depend on the 
flame principle, viz. the length of the poles upoa 
which the seats were fixed ? 
- Father, Yes, the greater the distance at which 
Aese seats were placed from the centre of mo- 
tion, the greater was the space which the little 
boys and girls travelled for their half-penny* 

Emma, Then those in the second row had a 
ihorterride for their money^ than those at the 
«nd of the poles* 

. Father^ Yes, shorter as to space, but the same 
tS to time. In the same way, when you and 
Charles go round the gravel-walk for half an 
hoar's exercise^ if he run^ while you walk, he 
will, perhaps, have gone six' or eight time» 
round, in the same time that you have been hut 
three or four times ; now, as to time, your ex-* 
ifercise has been equal, but he may have passed 
over double the space in the same time* 

CkairJes. How does this apply to theexplana.^ 
tion of the mechanical powers ? 

Father, You will find the appiteation very 
easy :-~without clear ideas of what 19 meant by 
time and space, it were in vain to expect you to 
eemprehend the principles of mechanics. 

There are six mechanical powers. The lever ;. 
tiie wheel and axle ; the pulley ; the inclined 
]plan£ $ the wedge $ and the serew. 
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JSmma. Why are they called mecbanicat 
powem? 

' Father. Becau^, by their means we are ena- 
bled mechanically to ralae weights^ move heav^p. 
bodies^ and overeome reaistanees, whichi with^t 
oat their aMistance, could not be done. / 

* Charles. But is there no limit to ^ aaaiat- 
ance gained by these powers ? for I rem^mbel' 
yeadinpr of Archimedes, 1^0 said, that with • 
place for his fulcrum he would more the earth 
itself. 

Father. Human power, widi all the aasistanea 
which art can give, is very soon limited, and 
upon this principle, that what ute gain inpawer^ 
we lose in time. That is, if by your own ua« 
assisted strength, you are able to raise fiftjr 
pounds to a certain distance in one minute, and 
if by the help of machinery, yoti wish to raise 
500 pounds to the same height, you will require 
ten minutes to perform it in ; thus you increase 
your power ten-fold, but it is at the expense of 
time. Or, in other words, you are enabled to 
do that with one effort in ten minutes, which 
you could have done in ten separate efforts in 
the saiite time. 

Emma. The importance of mechanics, then, 
is not so v^ry considerable as one, at first sight, 
would imagine ; since there is no real gain of 
force acquired by the aiechanical potrers. 

Father. Though there be not any actual in* 
crease offeree gained by these powers; yet^ th^ 
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advantages which men derive from them are in- 
estimable. If there are several small weights, 
manageable by human strength, to be raised to 
a certain height, it may be full as convenient to 
elevate them one by one, as to take the advan- 
tage of the mechanical powers in raising them 
all at once. Because, as we have shown, the 
same time will be necessary iq both cases. But 
Suppose you have a large block of stone of a ton 
weight to carry away, or a weight still greater, 
what is to be done ? 
• Emma. I did not think of that 
• Father. Bodies of this kind cannot be sepa- 
rated into parts proportionable to the' human 
strength without immense labour, lior, perhaps, 
without rendering them unfit for those purposes 
to which they are to be applied. Hence then you 
perceiye the great importapce of the mechanical 
powers, by the use of which a man is able with 
ease to manage a weight many times greater 
than himself. 

Charies. I have, indeed, seen a few men, by 
means of pulleys, and seemingly with no^very 
great exertion, raise an enormous oak into a 
timber-carriage, in order to c&nvey it to the 
dock-yard. 

Father. A very excellent instance ; for if the 
tree had been cut into such pieces as could have 
been managed by the natural strength of these 
men^ it would not have been worth carrying to 
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Deptford or Chatham for the purpose of ship-^^ 
building. 

Emma. I acknowledge my error ; — what is a 
fulcrum^ papa ? 

Father. It is a fixed pointy or prop» round 
which the other parts of a machine move. 

Charley. Th(e pivot> upun which the hands of 
your wateh move,^is a fulcrum then. 

Father. It is, and you remember we called it 
also ^ the centre of motion; the rivet of these 
scissors is also a fulQrum. 

Emma. Is that a fixed point or prop ? 

Father* Certainly it is a fixed point, as it re- 
gards the two parts of the scissors ; for that al- 
ways remains in the same position, while the 
other parts move about it Take the poker and 
stir the fire ; now that part of the bar on which 
the poker rests is afulerum, for the poker moves 
upon it as a centick 
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Of tlie lAvor.. 

Father. We will now coDBider the Lever , 
which is geniBrally eafled tb« first mechaDical 
power. 

The Lever i^ aoy inflexiUe bar of wood, iron^ 
&c, which ierv€8 to raise w^i^ta, while it is sop* 
ported at a point by a prop or fiilcmm, on which, 
as the centre of oiotieo, all the other parts turni 
A 9 (Plate HI. Fig' It.) will repreaent a lever, 
and the point c the fukrum or centre of motion, 
Now, it is ^Tidoot, if the lever tarn on its centre 
of motimi o, so that a cornea into the position a; 
B at the same time muat come into the position b. 
If both the arms of the lever be equal, that is, if 
A c is equal to b c, there is no advantage gained i 
by it, for they pass over equal j^aces in the same 
time ; and aocording to the fundamental princi- ' 
pie already laid down (p. 7^ ^^ as advantage or 
power is gained, time must oe lost :" therefore, 
no time being lost by a lever of this kind, there 
can be no power gained; 

Charles. YVliy then la it called a meefaanieal 
power? 

Father. Striedy apeahini; perhaps itoiight not 
Id be numbered as Me. JfotitiansiMJlyfMkoneA 
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among them, having the fulcrum between the 
weight and the power, which is the distinguish- 
ing property of levers of the first kind. And when 
the fulcrum is exactly. the middle point between 
the weight and power, it is the common balance : 
to which, if scales be suspended at a b, it is fitted 
for weighing all sorts of commodities. 

Emma. You say it is a lever of the first kind ; 
are there several sorts of levers? 

Father, There are three sorts ; some persona 
reckon four, the fourth however, is but a bend- 
ed one of the first kind. A lever of the first 
kind (Plate m. Fig. 18, 19.) has the fulcrum 
between the wei^t and power. 

The second kind of lever (Plate in. Fig. 20.) 
has the fukrum at one end, the power at the 
ether, and the weight between thern^ 

In the third kind (Plate ni. Fig. 21.) the 
power is between the fulcrum and 3ie weight. 

Of Lerer's powers the dSfferent loiti are three, 
The fird io steeLyards and in acales voa see ; 
The best and tieamd is the miller's litt» 
Where peuxr artd fi/krum to each eyid you shift ; 
And in the Ihurd^ the wont ofaU* my mend. 
You find the wdght vod fukrum at each end. 

Let US take the lever of the first kind, (Fig. 
18.) which if it be moved into the position a Z, 
by turning on its fulcrum c, it is evident that 
while A has travelled over the short space a a, 
M has travelM ever the greater space n b^ which 
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to the length of the amis A c and b c. If now 
you apply yoor hand first to the point a, and 
aftervmds to b, in order to moTe the lever into 
the position a b, uaing the same Telocity in both 
eases, yoQ i6^ill find that the time spent in moving 
the l^ver when the hand is at b, will lie as much 
greater) ^ that ipent when the hand is at a, as 
the arm b c is kmser than the arm a c, but tbes 
^e exertion required will, in the same propor» 
tion, he less at b than at a^ 

Charles, The arm Bc appears to be f&ttr timet 
tiie length of a c. 

Father. Then it is a lever which pins powcjiT 
kk the proportion of four to one. That is, a i^in- 
gle pgond weight applied to the end of the artil 
B Ci'as at p, will baUnce four pounds suspended 
at:A,as w. 

'. Charles. I have se^i workmen move large 
pieoes of timber to very small distances, by^ 
means of a- long bar. of wood or iron $ is that a 
lever ? • 

. Father. It is; they force one end of the bar 
iinder the timber, and then place a block of wood^ 
stone, &c* beneath, and as near the same end of 
thc^ lever as possible, for a fulcrum, applying 
their own strength to the other : and power is 
gained in proportion as the distance from the 
fulcrum to the part where the men apply their 
strength, is greater than the distance from ^e. 
fulcrum to ti^t end under the timber^ 
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Charlti. It must be v«ry eontiderttble, for I 
have seen two or diree men move a tree^ in thia 
way* of several tons weight I should think. 

Faiktr. That is not difficult ; for supposing a 
lever to gain the advantage of twenty to one^ and 
a man by his natoral strength is able to move but 
a hundred weight, he will find that by a lever of 
this sort, be can move twenty hundred weight or 
a ton ; but for single exertions, a strong mait 
can put forth a much greater power, than Ihat 
which is sufficient to remove a hundred weighty 
and levers are also frequently used, the advan* 
tage gained by which is still more considerablii 
than twenty to one* 

Charles. I think you said, the other day, that 
the common steel*yard made use of by tha 
butcher, is a lever. 

Father. I did ; the short arm A c (Plate nt^ 
Fig* 19.) i*» by an increase in size, made to 
balance the longer one b c, and from c, the cen« 
Ire of motion, the divisions must, commence. 
Now if B c be divided into as many parts as it 
will contain^ eadi equal to ▲ c ; a single weighty 
as a pound p, will serve for weighing any thing 
as heavy as itself, or as many times heavier aa 
there ^re divisions in the arm c* If the weight 
r be placed at the division 1,' in the arm b c, it 
will balance one pound in the scale at a: if it be 
removed to 3, 5," or 7, it will balance S, 5, or 7 
pounds in the scale ; for these divisions being 
respectively 3, Sf Qt 7 tiaies the distance from the 
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centre of motion c, that a icr, it tiecomes ft Tever, 
which gains advantage at those points, in thd 
proportion of 3, 5, and 7. If now the intervals 
between the divisions on the longer arm be sub* 
divided into halves, quarters, &c. any weight 
may be accurately ascertained to halves, quar> 
ters of pounds, &e« 
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|)f the Lever* 

Emma, What advantage has the steel-yardi^ 
which you described in our last conversation,, 
over a pair of scales ? 

Father. It may be much more readily remov- 
ed from place to place; it r^uiresno apparatus, 
and only a single weight for all the purposes to 
which it' can be appited* Sometimes the arms 
are not of equal weight In that case the weight 
p must be moved along the arm bc, till it exact-* 
ly balance the other arm without a weight, and 
in that point a notch must be made^ marking 
over it a cipher O, from whence the divisions 
i«Q9t cmmence* < ' 
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. Ohark^i Does there require great aeairaey iR 
the manufacture of mstrumeptd of this jkind ? 
. Faih^* Yea» ci such importance is it to the 
puUie, that tiiere should be no error or fraud hj 
means of ialse weights or false balances^ that it 
is the busiiij&ss of certain public officers to^x- 
amine at stated seasons the weights^ measures* 
&c. of every shopkeeper in the land. Yet it is 
to. be feared that after all precautions, much 
fraud is practised on the misuspecting. 

Emma. I one day last summer bought, as I 
supposed, a pound of cherries at the door, but 
Charles thinking they 'were not a pound, we 
tried them in your jscales and found but twelve 
ounces, or three quarters, instead of a pound, 
and yet the scale went down as if the man had 
given me full weight. How was that managed ? 

Father. It might be ^one many ways ; by 
short weights ;-^-or by the scale iti which the 
fruit was put, being heavier than^ the other ;--^ 
but fraud may be practised with honest weights 
and scales, by making the arm of balance on 
which the weights hang, skopter than the ether^ 
for then a pound w^ht will be baiatnced by as 
much less fruit than a pooad^ as that arm is 
shorter than the ottier; this was probably the 
method by which you were cheated. 
*■ Emma. By what nsethod could I have dis- 
eovered this cheat? 

Father. The scales when empty are esaetly 
balanced, but when loaded, thouf^ still ia e^iUt 
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Ubrio^ the weights are unequal, and the deeeit is 
instantly discorered by changing the weights to 
the contrary scales. I will gixre you a rule to find 
the true weight of any body by .such a f^lse 
balance, the reason of the rule you will under* 
stand hereafter : << Find the weights of the body 
igfboihscalesy^nult^ly ihemtogether, and then 
find the square root of the product^ which is the 
true weightJ*^ 

Charles. Let me see if I understand the rule : 
migspOB% a body weigh 16 ounces in one scale, and 
in. (he other 12 ounces and a quarter, I multiply 
|6 by 12 and a quarter, and I get the product 
196, the square root of which is 14 : for 14mul«> 
tiplied into itself gives 196 ; therefore the tiHie 
weight of the body is 14 ounces* 

Father^ That is just what I meant*— To the 
lever of the first kind may be referred many 
common instruments, such as scissors, pincers, 
anuffm^ &c. which are made by two levers act- 
ing contrary to one another. . . 

Emma. The rivet is the fulcrum^ oreentl^ of 
notion^ the hand the power used, and whatever 
is to be cut, is the resistance to be overcome. 

"Chmrles. A poker stirring the fire is also a 
lever, for the bar is the fulcrum, the band the 
power, and the ecMds the resistance to be over* 
come. 

Father* We now proceed to levers of the se- 
cond kind^ in which the fulcrum c (Fig. 20.) is 
VOL. i.-— R 
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at one end^ ^ power p applied at the other b, 
and the weight to he raised w, somewhere be^ 
tween the fulcrum and the power. 

Charles. And how is the advantage gained to 
he estimated in this lever ? 

Father. By looking at the figure yoa will find 
that power or advantage is gained in nroportion 
as the distance B| the point at which the power p 
acts, is greater than the distance of the weight w 
from the fulcrum. 

Charles. Then if the weight hang at one inch 
from the fulcrum, and the powier acts at five 
inches from it, the power gained is five to one^ 
or one pound at p will balance five at w. 

Father. It will ; for you perceive that the 
power passes over five times as great a space aa 
the weighty or while the point A in the lever 
moves over one inch, the point b will move over 
five inches. 

Emma, What things in cpnmion use are to be 
referred to the lever of the second kind ? 

Father. The most common and usefol of all 
things ; every door, for instai^ce, which tumg 
on hinges is a lever of this sort The hinges may 
be considered as the fulcrum or centre, of motioa. 
the whole door is the weight to be moved, and 
the power is applied to that aide on which the 
lock is usually fixed. 

Emma. Now I see the reason why ihen is 
considend)le difficulty in pushing ope& a heavy 
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floor, if the hand is applied to the part next tl)e 
hingeSy although it may be opened with the great* 
est ease in the usual method. 

Charles, This sofa, with sister upon it, repre- 
sents a lever of the second kind. 

Fmthtr. Certainly, if while she is sitting upon 
it, in the middle, you raise one end, while the 
other remains fixed aa a prop or fulcrum. To this 
kind of lever may be also reduced nut-crackers ; 
oars ; rudders of ships^ those cutting knives which 
have one end fixed in a block, such as are used 
for cutting chafi*, drugs, wood for pattens, &c. 

Emma, I do not see how oars and fudders are 
levers of this sort 

Father. The boat is the weight to be moved, 
the water is the fulcrum, and the waterman at 
the handle the power. The masts of ships are 
also levers of the second kind, for the bottom of 
the vessel is the fulcrum, the ship the weighty 
and the wind acting against the sail is the mov- 
ing power. 

The knowledge of thia principle may be useful 
in many situations and circumstances in life :— 
if two men unequal in strength have a heavy 
burden to carry on a pole between them, the 
ability of each may be consulted by placing the 
fauiden as much nearer to the stronger man, as 
kis strength is greater than that of his partner. 

Emma. Which would you call the prop in thia 
tfase? 

Pother. The atronfer man, for the weight is 
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nearest to him, and then the weaker must be 
considered as the power. Again, two horses 
may be so yoked to a carriage that each shrii 
drai^ a part proportional to his strength, by di- 
viding the beam in such a manner, that the 
point of traeiionj or drawing, may be *a8 much 
nearer to the stronger horse than to the weaker, 
as the strength of the former exceeds that of the 
Ij^ter. 

We will now describe the third .kind of leyi^* 
In this th^ prop or fulcrum c (Fig. 21.) is at 
one end, the weight' w at the other, and the 
power p id applied at b somewhere between the 
prop and weight 

Charles. In this case, the weight being further 
from the centre of motion than the power, mutt 
pass through more i^ce than it 

Father. And w^t is the conse(}ttenee oC 
that? 

Charks. That the power must be greater 
than the weight and as much greater as the dis* 
tance of the weight from the prop exoeeds the. 
distance of the power from it, that is, to l^lance 
a weight of three pounds at a^ there will require 
the exertion of a power f, acting at b, equal to 
five pounds. 

Father. Since then a lever. of this kind is a 
disadvantage to the moving power, it is but sel-* 
dom used, and onlv in case» of necessity ; such 
as in that of a ladder, which being fixed at one 
end against a wall or other obstacle, is by the 
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Strength of a man's arm raised iDto a perpendi* 
cular situation. But the most important appli- 
cation of this third kind of lever, is manifest in 
tiie structure of the limbs of animals, particu- 
larly in those of man ; to take the arm as an 
instance ; when we lift a weight by the hand, it 
is elected by means of muscles coming from the 
ahoulder blade, and terminating about one-tenth 
as far below the elbow as the hand is : now the 
elbow being the centre of motion round which 
the lower part of the arm turns,' according to 
the principle just laid down, the muscles must 
exert a force ten times as great as the weight 
that is raised. At first view this may appear a 
disadvantage! but what is lost in power is gain- 
ed in velocity, and thus the human figure is 
better adapted to the various functions it has te 
perform. 
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CONVERSATION XVII. 



Of the Whe^l and Axis. 

Father. Well, Emma, do you understand the 
principle of the lever, which we discussed so 
much at large yesterday ? 

h2 
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Emma. The lever gains advaotage, in pro* 
portion to space passed throt^hby tbe acting 
power ; that is, if tlie weif^ to be raised^ be at 
die distaaee of one inch from the fniennny and 
tbe pow^ is applied nine inckeB<listaBt from it^ 
then it is a lever^ which gains advanti^ ^ 9 
to 1, because the space passed through by the 
power is nine times greater than that passed 
through by the weight. ; and, therefore, what is 
lost in time by passing throu^ a greater space^ 
is gained in power. 

Father. You recollect also, what the difi^rent 
kinds of levers are, I hope. 

JBmma. I shall never see the fire stirred witii* 
out thinking of a simple lever of the first kind ; 
my scissors will frequently remind me of a 
combination of two levers of the same sort 
The opening and shutting of the door, will pre* 
vent me from forgetting the nature of the lever 
of the second J^ind, and, I am sure that I shall 
never see a workman raise a ladder against a 
house,^ without recollecting the third sort of 
lever. Besides, I believe a pair of tongs is a 
lever of this kind. 

Father, You are right ; for the fulcrum is at 
the joint, and the power is applied between that^ 
and parts used in taking up coals, &c. — Can you 
Charles, tell us how the principle otmomentum 
applies to the lever ? 

Charles. The momenium of a body is esti« 
mated by its weight, multiplied into its velocity ; 
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and tike Tdoeity tnuBt be catcoiated hy the spaee 
p^sed tbirough in a given time. Now, if I ex»- 
miae the lever, (Fig. 18. 20.) and conaider tt 
«i an iaiexible bar turnini^ on a centre of mo- 
tioo, it is evident, that the aame time is'use^ 
for the motion both of the weight ffiid tfie power, 
tnlt the spacea paaaed ever are very difierent ; 
thaft whieh *tiie power paasea through, being 
as much gi^ter as that passed by the weighty 
«8 the length of the distance of the power 
from the pTop, is greater than the di^ance of 
the weight from -the prop; and the velocities 
being as the traces pnssed in the same time, 
flHist be greater in the same proportion. Coa- 
#eqiiently, the velocity of p, the power^ multi- 
plied into its weight, will be eiqual to iJie smmUer 
Telocity of w, multiplied into its wei j^ end 
thus their momenta being equal, they will ha* 
lance one another. 

Faiker» This applies to the first and second 
kind of lever ; what do you say to the third ? 

Chmrles. In the third, the vehNity of the 
power F, (Fig. 21.) being less than that of the 
ivetght w, it is evident, in order that their mo- 
teenta may be equal, that the weight acting at 
9y most be as much greats than that of w, as 
A c is less Uian b o, and then they will be in 
eqeilibrio. 

■ Father. The second mechanical power is the 
Wheel and ^xia J which gsins power in propor- 
tion as liie cSreumference of the wheel is grater 
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than fimt pi the axU; tbu mtehiae may be re* 
ferred to the prineiple of the lever ; a b (Plate 
XII. Fig. M.)iB the wheel, q d its axis, and. if 
the ctrcainfereDce.o^the wheel be eight times as 
great as that of the axis/ then a sinfpe pound r, 
will balance a weight w, of eight ponnds. 

Charles. Is it by an instrument of this kind 
that water is drawn from those deep wells so 
common in many parts of the country? 

Father. It is; out as in most cases of this 
kind only a* single bucket is raised at once^ 
there requires but little power in the operation^ 
and therefore, instead of a large wheel as a b^ 
an iron handle fixed at b is made use of, whichf 
you know, by its circular motion, aniwers the 
purpose of a wheel. 

Charles. I ^ince raised some water by a ma^ 
chine of this kiiid, and I found, that as the 
})ucket ascended nearer the top th^ difficultgr 
increased. 

Father. That must always be the case, where 
the ^jvellsipe so deep as to cause, in the ascent, 
the nope to eoil more than once the length of the 
axis, because the advantage gained if in proper^ 
tion as the eircumference of the wheel is greater 
than that of the axis; so that if the circumfer* 
ence of the wheel be 1)9. times greater than that 
of the axis, 1 pound applied at the former wiU 
bdance le hangitfg at the latter; but by the 
coiling of the rope round the axis, the differenee 
.betweefi the eircumference of tbe wheels itnd 
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that of the axis, continually diminishes^ conse- 
quently the advantage gained is less every time 
a new coil of* rope is wound on the whole length 
of the axis ; this explains why the diffieolty of 
drawing the water, or any other weight, ia- 
ereases as it ascends nearer the top. 

Charles. Then by diminishing the axis, or by 
increasing the length of the handle, advantage 
is gained r 

leather* Yes, by either of those methods you 
may gain power, but it is very evident, tbat the 
fixis cannot be diminished beyond a certain limit, 
without rendering it too weak to sustain th0 
weight ; nor can uit handle be managed, if it be 
constructed on a scale much larger than what is 
commonly used.* 

Charles. We must, then, have recourse to the 
wheel with spikes standing out of it at certaio 
distances from each other to serve a3 levers. 

Father. You may by this means increase your 
power according to your wish, but it must be at 
the expense t)f time, for you know that a simple 
handle may be turned several times, while you 
are pulling the wheel round once. To the pria- 
ciple of the wheel and axiSj may be referred the 
capstan windlass, and all those numerous kinds 
of cranes, which ard to be seen at the different 
wharves on the banks of the Thames. 

BousM from repose, aloft U)e sailors swarm, 
Aad with their Inen toon the windh^ afm* 
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The orl«r givcn^ i]|i<4|miiging^ with a bound . 

They lodge the barsy and wheel their enginet round :* 

At every turn the clan^ng pault retound» 

Uptom reluctant from its oosey care 

Tdc pcmd'toua anchor riaet crer the wave. 

FAxoaviB't Snpwmifix. ' 

Charles, I hare teen a crane, which consists 
<if A wheel large enbu^ for a man to walk in. 

Father. In this the weight of the man, or men 
(for there are sometimes two or three,) is the 
moving power ; for, as the man steps forwards, 
the part upon which he t)reads becomes the heavi* 
est, and consequently descends till it be the low- 
est On the same principle, you may see at the 
door of many bird-cage makers^ a bird, by its 
weight, give a wicker cage a circular motion ; 
now, if there were a small weight suspended to 
the axis of the cage, the bird by its motion would 
draw it up, for as it hops from the bottom bar to 
the next, its momentum causes that to descend, 
and tj).us the operation is performed, both with 
regard to the cage, and to those large cranes 
which you have s^n. 

Emma. Is there no danger if the man happen 
to slip? 

Father. If the wei^t be very great, a slip 
witl^ the foot may be attended with very dan- 
gerous consequences. To prevent which, 'tiiere 
is generially fixed at one end of the axis a little 
wheel o, (Fig. 22.) called a ratchet-wheel ; with 
a catch 9, to fail into its teeth ; this wiU at any 
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time sapport the. weight ia case of an aeeideot 
Sometimeay instead of men walking within the 
great wheel, cogs are set round it on the outside^ 
and a small trundle wheel made to work in the 
eogSy and to be turned by. a winch. 

CAarks. Are there not other sorts of cranes 
in which all danger is avoided ? 

Father* The crane is a machine of such im- 
portance to the commercial concerns of this coun* 
trjf that new inventions of it are continually 
onered to the public : I will, when we go to the 
library, show you in Ihe 10th vol. of' the Trans^ 
actions of the Society for the Encouragement of 
Arts and Sciences, an engraving of a safe, and, 
I believe, truly excellent crane ; it was invented 
by a friend of mine, Mr. James White, who 
possessed a most extraordinary genius fdr me- 
chanics, and who foi'merly offered his services to 
a noble Puke, then at the head of tiie Board of 
Ordnance, but they being rejected, he went to 
the Continent, where he is very profitably exerr 
cising his talents. . 

Charles. But you said that this mechanical 
power might be coasidered as a lever of the first 
lind. 

Father. I did ; and if you conceive the wheel 
and axis (Fi^. 22.) to be cut through the middle 
in the direction a b ; i* o b (Plate in. Fig. 23.) 
will represent a section of it a b is a lever^ 
whose centre of motion is c ; the weight w, sus- 
tained by the xope ▲ w, is aj^^ed At the distanee^ 
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c A» the radius of the axis ; aqd the fovifer r, 
acting in the direction b p^ is applied at the dis« 
tance o b, the radius of the wheel : thereforei ac* 
cordine to the principle of the lever, the power 
will bsuance the weight, when it is as much, less 
than the weight, as the distance c b i^ jpreatet 
than the distance of the weight AG. 



CONVERSATION XYin. 



Of the Pulky. 

RUhet. The third mechanical power, the/mA 
ley^ may be likewise e;(plained on the principle 
of the lever. The line ▲ b (Pl%te xv. Fig M.) 
may be conceived to be a lever, whose arms a o 
and b c are equal, and c the fblomm, or centre 
of motion. If now two. eqiud. weights w and f^ 
be hung on the cord passing over the pulley, they 
will balance one another, and the fulcrum will 
sustain both. 

. Charles. Thift pulley then^ like theeomnoo 
balance, ^ves no advantage. 

Father. From the. An^ fixed pulley no me** 
tSunioal adtantafe is derived « it is nev9rtfael9» 
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of great impoitaince in €haiiging (he direction of 
a power, and is very much used in buildings fot 
drawing up small weights, it being much easier 
for a Bian to raise stfch burdens by slteans of « 
Single pulley, than td carry them up a long lad-^ 
der. 

Emma, Why iait called a mechanical power? 

Father. Though a single fixed pulley gives no 
advantage, yet when it is not fixed, or when tw(» 
more are oombined into what is called a system 
of pulleys they then possess all the properticfli 
of the other mechanical powers. Ttiis in o n s 
(Plate IV. Fig. S5. ) c is the fuicr.um, therefore a 
power p, acting at b, will su^in a douUe 
weight w, acting at a, f<M* b <; is douUe the dis« 
tance of A <; fh>m the fulcrum* 

Again it is evident, in the present case, thai 
the whole weight is sustained by the cord £ n vv 
and whatever 4»ustain8 half the cord^ sustains 
also half th^ ^weight; but one hatf is sustained. 
-by the fixed hook x, consequently the power at 
f has only the other Imlf to sustain, or in otber 
wotxls, any givtn p$Mher art "pivill keep inequili^^ 
trio a double weight at w. 
" CAiiPks. is the vriociCyt^r^ double that of w! 

Father. UndduMedly ; if you compare the 
space passed throuj^ iiy the hand at 3P with that 
passed by w, you will find that t^e former Is 
JDrst dou4le the ItfBlet, and the»«£ore the ino*^ 
mentu of the power wi ^^ght, liS ts the leV^r^ 
IklA^ equal. 

VOL, «.— f 
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ChdrJei. I think I see the reason of this, for It 
tiie weight be raised an iach, or a foot, both 
sides of the cord must also be raised an inch, or 
foot) but this cannot happen without that .part of 
the cord at p passing through two inches, or 
two feet of space. 

Father, You will now easily infer from what 
has been already sho^n of the single moveable 
pulley, that in a system of pulleys, the power 
gained must be estimated, by doubling the num* 
ber of pulleys in the lower or moveable block. 
So that whft) the fijced block x (Plate iv. Fig« 
S6.) cipntains two pulleys which only turn on 
their axes, and the lower block y' contains also 
two pulleys, which npt only turnjon their axes^ 
but also rise with the weight, 'the advantage is 
as four : that is, a single pound at p will sustain 
four at w. 

Charles. In the present instance also I per- 
.eeive, that by raising w an inch^ there are four 
ropes shortened each an inch, and therefore the 
hand must have passed through four inches of 
space in raising the weight a single inch ; which 
establishes the maxim, that what is gained ia 
pow^ is ' lost in space. But, papa, you have 
only talked of the power of balancing or sustain- 
ing the weight, something more must, I suppose^ 
he added to raiseit 

Faiher^ There must : Gonsiderable allowaneft 
must also be made for the frietion of the cordsn 
and of the pivots, or axes, on which the puUej9 



turn. Iq the mechanieal> pow^rs^ in general^ 
one^third of power must be added for the losB 
sustained by frietion, and for the imperfect man* 
Her in which maehtnes are generally construct* 
ed. Thus, if by theory you gain a power of 600: 
in praeficef you must reckon only iipon 400. la 
those pulleys which we have been describings 
writers have taken notice of three things, which 
tfike mueh from the general advantage and con* 
Tentence of pulleys as a mechanieal power. The 
Jirsii^y that the diameters oC the axes, bear a 
great proportion to their own diameters. The 
second is, that in working they are apt to rub 
•gainst one another, or against the side of the 
block. And the third disadvantage is the sti£^ 
Bess of the rope t^at goes over and under them. 
The first two objections have been, in a great 
degree, rumored by the et^ncentrie pulley, in* 
Tented by Mr. Barnes White: b (Plate iv. Fig. 
97.) is a solid block of brass, in which grooves 
are cut, in the proportion of 1^ 3, 5, 7, 9, &c* 
and A is another block of the same kind, whose 
l^ooves are in the proportion of 2, 4, 6, 8, 10, 
Ilc. and round these grooves a cord is passed, by 
which mciaiis they answer the purpose of so many 
distinct pulleys, every point of which moving 
with the veloeity of the string in contact with it| 
the whole friction is removed to the twocentrea 
of motion of the hlocl^ a and b ; besides it is of 
W) small ad¥aiitage» that the pulleys'bein^ aH af 



one piecei thiere ia no rubbinft one against the 
Qthen 

JSmma* Do you calculate the power gained 
by ibis pulley, ia tbe aame method as with the 
eomnKHi pulleys? 

. Father^ Yes, {or puUeys of every l^ind, tbe 
^leis general^ the advantage gained ^is found 
by doubling the oumber of the pulleys in the 
lower bloek : in that before?you th^Q are six 

Jinooves, which aes(wer to as many distinct puK 
sya, and eonseq^ently the power gained te 
twelve, or one pound at t will be^ce twelve 
pouncbi at w* 



CONVERSATION XIX. . 



Of the Inclined Pkne: 

Father, We may now deocribe the inclined 
plane, which is the fourth mechanical power. 

Charles, You will not he abl^, I think, to re^ 
duce this also to the principle of the* lever. 

father. No, it is a distinct principle, and 
some writers. on these subjects reduce at once 
the six mechanical powers to'two, viz. the lexer 
and inclined plane* 



OF THB nrcLirao flake. lot 

Emma, How do you estimate the advantages 
gained by this mechanical power ? 

FatAer. The method is very easy, for just as 
much as the length of die plane exeeds its per- 
pendicular height, so much is the advantage 
gained. Suppose a b (Plate iv. Fig. 28.) is a 
plane standing on the table, and c d another 
plane inclined to it ; if the length c be three 
times greater than the perpendicular height; 
then the cylinder s will be supported upon the 
plane c d, by a weight equal to the third part 
of its own weight 

Emma. Could I then draw up a weight on 
such a plane with the third part of the strength 
that I must ex^t i^i lifting it up at the end ? 

JViM^. Certainly,' you might; allowance, 
however, must be made for overcoming the fric- 
tion ; but then you perceive, as in other mecha*^ 
nical powers, that you will have three times the 
space to pass ovei^or that as you gpdn power 
you will lose time. ^ 

Charles. Now I understand the reason why 
sometimes there are two or three strong planks 
laid from the street to the ground-floor of ware- 
houses, making therewith an inclined plane, on 
which heavy packages are raised or lowered. . 

Father. The inclined plane is chiefly us^d for 
raising heavy weights to small heights, for in 
warehouses situated in the upper pai^ of buildr 
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ifi^ cranes and pulleys are better adapted for 
the purpose. 

Charles. I have soiaetimes, papa, amused my- 
self by observing the difierence of time which 
one marble has taken to roll down a smooth 
board, and another whibh has fallen by its own 
gravity without any suppoit. 

Father. And if it were a long plank, and you 
took care to let both marbles drop from the hand 
at the same instant, I dare say you found the 
difference very evident 

Charles. I did, and now you have enabled me 
to account for it very satisfactorily, by showing 
me that as much more time is spent in raising a 
body along an inclined plane, than in lifting it 
up at the end, as that plane is longer than its 
perpendicular height For I take it for granted 
that the rule holds in the ascent as well as in the 
descent 

Father. If you have any^oubt remaining, a 
few words will make every thing clear; Sup- 
pose your marbles placed on a plane, perfectly 
horizontal, as on this table, they will remain at 
rest wherever they are placed : now if you ele* 
vated the plane in such a manner that its height 
should be eaual to half the length of the plane, it 
is evident irom what has been shown before, 
that the marbles would require a force equal to 
half their -weight to sustain them in any parti- 
cular position : sum)08e then the plane perpen- 
dicular to the tabl^ the iparbles will descend 



with their whole weight, for how the plane con- 
tributes in no respect to support them^ conse* 
quently they would require a power equal to 
their whole weight to keep them from descend- 
ing. 

Charles. And the swiftness with which a body 
falls is to be estimated by the force with which 
it is acted upon ? 

Father, Certainly, for you are now sufficient- 
ly acquainted with philosophy to know that the ' 
effect must be estimated £ronvthe cause. Sup* 
pose an inclined plane is thirty-two feet long, 
and its perpendicular height is sixteen feet, 
what time vnW a marble take in falling down 
the plane, and also in descending from the top 
to the earth by the force of gravity ? 

Charles. By the attraction of gravitation, a 
body falls sixteen feet in a second (see p. 41.) 
therefore the marble will be one second in fac- 
ing perpendicularly to the ground; and as the 
length of the plane is double its height, the mar* 
ble must take two seconds to roll down it. 

Father. I will try you with another example. 
If there be a plane 64 feet perpendicular height, 
and 3 times 64, or 192 feet long, tell me what 
time a marble will take in falling to the earth 
by the attraction of gravity, and how long it 
will be in descending down the plane ? 

Charles. By the attraction of gravity it will 
frll in two seconds ; because, by multiplying the 
4xteen feet wh^ itf1lUi.i^^the first second, by 
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the square of two secondis^ (the time) Or fouri I 
get 8^xty>four» the height of the plane. But tiie 
plane being three times as long as it is perpeii?- 
dicularly high, it must be three times as many 
seconds in rolling down the plane, as it was in 
descending freely by the force of gntvity, that 
iSy si^ seconds. 

Emma. Pray, papa, what Common instru- 
ments are t0 be. referred to this mechanical 
power, in th^e same way, as scissors, pincers^ 
&c. are referred to the lever ? 

Father. Chisels, hatchets, and whatever other 
sharp instruments which are chamfered, or 
sloped down to an edge on one side only, may 
be referred to the principle of the inelined plaQd* 



CONVERSATION XX. 



Of Uie Wedgje. 

Father. The next mechanical power is the 
wedge, which is made up of the two inclined 
planes^ D e f g and c i: f o (Plate iv. Fig. 29.) 
joined together at their bases e £ v (& : d c is the 
whole thickness of the wedge at its back a b c n^ 
where the power is applied, aud.p f and c t 
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ire the leog;th of iu sides ; now there will be ai^ 
equtUbriunvJbetween the power impelling the 
wedge downward, and the resistance of th« 
wood, or other substance acting against it9 
iside9, when the thickness p c of the wedge is to 
the length of the two sides, or, which is thj^ 
same thing, when half the thickness d £ of th^ 
wedge at its back is to the length of o v one of 
its side% as the power is to its resistance. 

Chirks. This is the principle of th^ iacline4 
plane* 

Futher. It is,. and notwithstanding all the 
disputes which the methods of calcauiting tb# 
lidiranifl^ gained by the wedge have occasioned, 
I ^ee no reason to d«)>art from the opinion <^ 
thoise who ^;iflider the wedge a# a double in** 
clined planed • . / ^ 

■' Emmon 1 hwe eeeix people ct^ying^wood 
with wedges, but the j seem to have no effect 
finlesa great foree iMad g^rea^ yelocity |ure als^ 
tised. 

fcUher, No, the power of the attr^ti^ of 
cohesion, by which the parts of wood ^tick t07 
gether, is. so great, as to require a eonsiderahlf 
momentum to separate, them. Did you observe 
ndthing else in the operation worthy of your s^t- 
tention ? 

Charks, Yes, I also took notice that the woo^ 
generally split a little below the plaCe to which 
the wedge reached. 

Father* This happeus in eleaviog mofft kin^s 
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of wood, and then the akdvantage gained by thia 
mechanical power, must be in proportion as the 
length of the sides' of the cleft in the wood is 
greater than the length of the whole back of the 
wedge. There are other varieties in the action 
of the wedge ; but, at preaenti it is net necesMi* 
ry to refer to them* 

Emma. Since 3roa said tfaataH instrumentt 
which sloped off to an edge on one side only, 
were to be explained by the principle of the in* 
eljined plane ; so, I suppose, that those which 
decline to an edge on both aides^ must be refer* 
fed to the principle of the wedge. 

Father* They must, which is the case with 
many chisels, and almost all sorts of axes, &c. 

CAark$. Is the wedge much used 9a a me« 
ehanical power? ' 

Fafher* It is ^ great importance in a vast 
tarlety of cases, in which the other mechanical 
powers are of no aviiil ; and this arises from the 
momentum of the blow, which is greater, be* 
yoi^d comparison, than the application of any 
dead weight or pressure, such as is employed 
in the other mechanical powers. Hence it is 
used in splitting wood, roeka, Ac and even the 
largest ship may be raised to a small, height by 
driving a wedge below it It is also used for 
raising up the beam of a house, when the ikK)r 
gives way, by reason of too great a burden be* 
ing laid upon it It is usual also in separating 
large mill stones from the siliceous sand-recks 
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in' some parts of Derbyshire, to bore horizontal 
holes under them in a circle, and fill these with 
pegs or wedges made of dry wood, whieh gra* 
duiilly swell by the moisture of the earthy and in 
a day or two lift up the mill-stone without breaks 
iog it; to this practice Dr< Darwin alludes: 

Climb the nide ste^pa^ the granite-cliflb 8Uiroiind» 
Vierce with 0teel pointo^ with wooden wedges woun^ 
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Father. Let us now examine the properties 
of the sixth and last mechanical power, the 
screw; which, however, cannot be called a sim«' 
pie mechanical power, since it is never used 
without the assistance of a lever or winch ; by 
which it becomes a compound engine, oS |;reat 
power in pressing bodies together, or in raising 
great weights, a B (Pfate nr. Fig. 30.) is thp 
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4repreiieh^tf6ii of one, together with the lever 

* Emma* You said just now, papa, that all thQ 
Ikiecfaanieal powers were reducible either to the 
leTer or inclined plane, how can the screw be 
referred to either? 

Father. The screw is composed of two parts, 
one of which, a b, is called the screw^ and con- 
sists of a spiral protuberance, called the thread, 
which may be supposed to be wrapt round a 
cylinder ; the other part c d, called the nut, is 
perforated to the dimensions of the cylinder ; and 
in the internal cavitjf is also a spiral groov^ 
adapted to receive the thread. Now if you cut 
aslipof writingrpaperin the form of an inclined 
plane a b c (Fig. 30.) and then wrap it round a 
cylinder of wood, you will find that it makes a 
spiral answering to the spiral part of the screw ; 
moreover, If you consider the ascent of the 
screw, it will be evident, -that it is precisely the 
ascent of an inclined plane. 

Charles. By what means do you calculate the 
advantage gained by the screw? 

Father, There are, at first Bight> evldefttly 

two things to be taken into consideration ; the 

. first is the distance between the threads of the 

screw ;-*and the second is the length of the 

lever. ' , ■ ' 

Charles. Jlow I comprehend pretty dearly 
lio\v it is th inelfaied jplanei «nd Ihftt i1» adscent 
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i§ more or less easy as the threads of th^ «H>iral 
9re nearer or farther distant from each other. 

Father. Well then, let me examine by a quea?. 
tioHi whether your conceptions* be accurate ; sup^ 
pose two screwsj \he circumfereoee of whose 
cylinders are equal to one another; but in one» 
the distance of the threads to be an inch apart;' 
and that of the threads of the other only oqq- 
third of an inch ; what will be the difference of 
the advantage gained by pne of the screws over 
the other?. 

Charles. The one whose threads mre three 
times nearer than tfiose of the other, musti, I 
ahould think, give three tiipes the^ mos( advaa« 
tage. 

Father. Qive me the reason for what ypa ajl- 
sert 

Charles. Because, from the principle of the 
inclined plane, I learqt that if the height of twp 
planes were the same, but the length of one^i 
twice, thrice, or four times greater than tha^ 
of the other, the mechanical advantage ^in* 
ed by the longer plane would be two, threes 
oi^four times more than that gained by the 
shorter. Now, in the 'present case, the height 
gained in both screws is the same, one inch^ 
bot the space passed in Uiat, three of whose 
threads go to^an inch, must be three times a9 
l^eat as the space passed in the other ; tberefori^ 
%IH space is passed, or time lost, just in proper^ 
tion to the advantAg^ ff^in^y I itifer that three 
VOL. I.— K 2 



no MSCHAKICS. 

r 
r • ■ 

times more advantage is gained by the s^ereiv 
the threads of which are one-third of an inch 
apart, than by that whose threads are an inch 
apart 

' Father, Your inference is just, and naturally 
follows from an accurate knowledge jDf the prin- 
ciple of the inclined plane. But we have said 
pothihg about the lever. 

; Charles, This seemed hardly necessary, ^it 
being so obvious to any one who will think a 
moment, that power is gained by that, as in 
levers of the first kind, according to the length 
F B from the nut. 

Fathsr, Let as now calculate the advantage 
gained by a screw, the threads of ^hich iu*e 
h*alf an inch distance from one. another, and 
the lever 7 feet long. 

Charies. I think you once told me, that if 
the radius of a circle was given, in order to find 
the circumference, I must multiply that radius 
by 6. 

~ Father. I did ; for though that is not quite 
enough, yet it will answer all common purposes, 
till you are a little more expert in the use of 
decimals. 

• 6harles, Well, then, the circumference of the 
circle made by the revolution of the lever will 
be 7 feet, multiplied by 6, whic^ is 42 feet, or 
504 inches ; but, during this revolution, the screiiir 
is raised only half an inch, therefore the spa6e 
passed by the moving powi^r, will be 1008 times 
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greater tha& that gone through by the weight, 
consequently the advantage gained is 1008, or 
one pounid applied to the lever will balance 1008 
pounds acting against the screw. 

Father, You perceive that it follows as a co- 
rollary from what you have been saying, tha^t 
there are two methods by which you may in- 
crease the mechanical advantage of the screw. 

Charles. I do; — ^it may be done either by ta- 
king a longer lever, or by diminishing the dis- 
tance of the threads of the screw. 

Father, Tell me the result then, supposing 
the; threads of the screw so fine as to stand at 
the distance of but one quarter of an inch asuur 
der ; and that the length of the lever were 8 feejb 
instead of 7. 

Charles, The circumference of the circle 
made by the lever will be 8 multiplied by 6, 
equal to 48 feet or 576 inches, or 2304 quartey 
inches, and as the elevation of the screw is but 
CMie quarter of an inch, the space pitted by thi^ 
power, will^ therefore, be ^2304 times greatef 
than that passed by the weight, which is the ad; 
vantage gained in this instance. 

Father, A child, then, capable of moving tho 
lever sufficiently to. overcome the friction, wiU^ 
the addition of a power equal to one pound, will 
be able to raise 2304 pounds, or something more 
than 20 hundred weight and a halfl The strength 
of a powerful man would be able to do 20 or 3Q 
times as much more., , 
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Charles. But I have seen at Mr. W— -'• 
paper-millsy to whieh I once went^ six or eight 
men use all their strength in taming a screw, 
in order to press the water out of the newly 
made paper. The power applied in that case 
must have been very great indeed. 

Father. It was ; but I dare say that you aria 
aware that it cannot be estimated;^ by multiply* 
iog the power of one man by the number of mea 
employed. 

C harks. That id, because tfie men stan^g by 
Ihe side of one anoUier, the lever is shorter to 
every man the nearer he staads to the sereWy 
eonsequently, though he may exert the same 
strength, yet it is not so efiectual in moving the 
machine, as the exertion pf him who stands 
Hearer to the extremity of the lever. 

Father, The true method, therefore, of ealeo* 
lating the power of this machine, aided by the 
strength of these men, would b^ to estimate ae^ 
tCurately the powlsr of each man according to 
his position, and then addingall these separate 
advantages together for the total power gained. 

Emma, A machine of this kind, is, I believe, 
used by book binders, to press the leaves of the 
books together before they are stitched ? 

Father. Yes, it is found in every book-binder's 
Work-shop, and is particularly useful where per- 
sons are desirous of having small books reduced 
to a still smaller size for the pocket. It is also 
the principal machina used for eoining money ; — 
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for taking off copper-plate prints; and for print- 
ing in general. 

Charks, I remember Dr. Darwin's descrip^ 
tioor of coining: 

"With iron lips ins rapid rollers seize 
The len^hening ban, in thin es^ahftion atmecEei 
Descending aertwa with ponderous jfly-wheeis wound 
The tawny plates, the new medallions round \ 
■ Hard dies of steel the cupreous circles cramp. 
And with quick &U his massy hammers stamp. 
Hie Harp, the Lily, and the Lion join. 
And GxoRoi, and Bbitaiit guard the sterling coin. 

BoTAVic Gardbv. 

Father. These lines are descriptive of Mr. 
Boulton's magnificent apparatus for coining; 
the whole machinery is worked by an improved 
steam-engine, which rolls the copper for half- 
pence ; works the screw presses for cutting out 
the^ circular pieces of copper ; and coins both 
the faces and edges of the money at the same 
time : and since the circulation of the new half- 
pence, we are all acquainted with the superior 
excellence of the workmanship. By this ma- 
chinery, four boys of ten or twelve years old, 
are capable of striking 30,000 guineas in an hour, 
and the machine itself keeps an unerring account 
of the number of pieces struck. 

Emma. And*I have seen the cyder-press in 
Kent, which consists of the same kind of ma- 
chine. 
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FI[Uker. It would, my dear, be an almMend*- 
leM task, were we to attempt to enumerate all 
the parposes to whieh the aorew is applied in 
like mechaniea! arts of life ; it will) perhaps^ be 
aufficient t6 tell you that wherever great pres- 
jure is required, there the power of the screw 
is unifomiity employed* 
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CONVBR&ATION XXIL 



6t tm ftXZD fi^TARS. 



CBARLES. The delay oceaiioned by otir 
tinusqally long walk, has afforded ua one of the 
iftoat britliant tiews of the heavens that I ever 
•aw* 40 

Jame$. It fa tmeomnonly eleat*) and the long- 
er 1 keep nay eyes fixed upwarda, the more stars 
tieem to appeair: how ib it possible to number 
these stars? and yet I have heard that theiF are 
tHjmbered, and even arranged in catalogues ae- 
eording to their apparent mag;nitude8. Pniy> 
«ir, explain to us ho^ this business was per- 
formed. 

Tutor. This I will do, with great pleasure, 
tome time hence, hut at present, I must tell you 
that in viewing the heavens with the naked eye, 
we are very much deceived as to the supposed 
number of stars that are at any time visible. It 
is generally admitted, and on good authority too, 
that there are never more than (}n» thousand stars 
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visible to the sight, unassisted by glasses, at any 
one time, and in one place. 

James, What ! can I see no more than a thou- 
sand stars if I look all around the heavens? I 
should suppose there were millions. 

Tiitor. This number is certainly the limit of 
what you can at present behold ; and that which 
leads you, and persons in general*, to conjecture 
that the number is so much larger, is owing to 
an optical deception. 

James. Are we frequently liable to be deceiv- 
ed by our senses? 

Tutor, We are, if we depend on thetn singiy; 
bat 'where we have an opportunity of calling in 
the assistance of one sense to the aid of another^ 
we are seldom subject t^his inconvenience. 

Charles, Do you n^ know if you place a 
small marble in the palm of the left band, and 
then cross the second finger of the right hand 
over the nrst, and in . that position, with your 
eyes shut, move the marble with those parts df 
the two fingers at once, which are not accustom^ 
ed to come into contact with any object at the 
same time, that the one marble will appear to the 
touch as two ? In this instance, without the as- 
sistance of our eyes, we should be deceived by 
the sense of feeling. 

Tlttor. This is to the point, and shows that 
the judgment formed by means of a single sense 
is not always to be depended upon. 

Jamts* I . recolleet the experiment very well, 
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ive had it fit>m papa^ a great while ago. But 
that has nothing to do with the false judgment 
which we are^ said to form about the number of 
stars. 

*• Thtor* You are right; it does not immediate- 
ly concern the subject before us, but it may t>e 
useful as aflibrding a lesson of modesty, by in- 
structing us that we ought not to close our 
minds against new evidence that may be offered 
upon any topic, notwithstanding the opinions 
we may bare already foroied. You say, that 
you see millions of stars, whereas the ablest 
astronomers assert, that with the naked ^ye 
you cannot at one {time see so many as a thou- 
sand. 

Charles. I should indeed have thought with 
my brother, had you not asserted the contrary ; 
and I am anxious to know how the deception 
happefis, for I am sure there must be a great 
deception somewhere, if I do not at this time 
behold very many thousands of stars in the 
heavens. 

Thitor. You know that we see objects only by 
^eans of the rays of light which proceed from 
them in every direction. And you must for the 
present, give me credit when I tell you that the 
distance of the fixed stars from us is immensely 
great, consequently the rays of light have to 
travel this distance, in the course of which, es- 
pecially in their passage through our atmo- 
sphere, they are subject to numberless reflections, 
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of light eome to the eye, every ooe of which^ 
perhaps, impreases upon the mind the idea of 
so many separate stars. Hence arises that op* 
tiea) fallacy by which we are led to believe the 
stirtf which, we behold are innumerable. 

James. I should like to see an experiment iQ 
confirm this. 

Thitor. I have no objection: in every case 
you ought to require the best evidence that the 
subject will admit of; 

To aak or search I bUme tfaee not| (or hj^TCA 

Is as the book of Qod before thee set. 
Wherein to read his wond'rous works, and learn 
His seasons, houra^ or days, or months, or years. 

HiLvoa. 

I will show you two experiments which will go a 
good way to remove t^e difficulty. Bi,it, fior thia 
purpose, we must step into the house. 

Here are two common looking^glapses, wbich, 
philosophically speaking, are jo/aeii mirrors. I 
place them in such a manner on the table that 
they support one anothei' from falling hy meet- 
ing at the top. t now place this half-crown be* 
tween them, on a book* to raise it a little above 
the table. Tell me how ii^any pie^s q( money 
you would suppose there were, if yo^ did npt 
know that I had used but one. 

James* There are several in the glasses. 

T^^or. I wiU alt^ the position of thf glasses 
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a little, bjr aiaking them almost pimllel to one 
another : now look into them, Sind say what yoii 



James. There are more halfntrowns now thaa 
tfiere were before. 

, Tutor. It is evident, then, that by reaction 
otUy, a single object, for I have madhs use of but 
one half-crown, will give you the idea pf a vast 
namber|. 

Charles. If a little contrivance had been used 
to coaceal the method of making the experiment, 
1 sbould not have believed but that there had 
been several half-crowns instead of one. 

Tutor. Bring me your mnltipiying glass ; look 
Ibrough it at th^ candle : bow many do you see ? 
or ralber how many candles should you suppose 
there were, did you not know that there was but 
one on the table ? 

James. A great maaiy,And a pretty sight 
it is. 

Charles. Let me see ; yes, there are : but I 
tsa easily count them ; there are sixteen. 

Tutor. There will be just as many im^iges of 
the candle, or any other olgect at which you 
look, as tbere are difierent surfaces on your glassL 
For by the principle of r^raction^ the image of 
the candle is seen in as many different places 
as the glass has surfaces ; consequently, if in- 
stead of Id there had been 60, or, if they could 
have been cut and polished so small, 600, then 
the single candle would have ^ven you the idea 
VOIm I.— l 



1 



1$2 ASTBQKOMT. 

of 60, or 600. What think you noiv about the 
stars? 

James. Since I have seen that reflection and 
r^raction will each*, singly, afford such optical 
deceptions, I can no longer doubt, but that, if 
both these causes are cdmbined as you say they 
are with respect to the rays of lighbcoming from 
the fixed stars^ a thousand real luminaries may 
have the power of exciting in my mind^e idea 
of millions. 

. Tutor. I will mention another experiment, for 
which you may be prepared against the next 
dear star-light ni^t Get a long narrow tube, 
the longer and narrower the better, provided its 
weight does not render it unmanage^ible : exa- 
mine through it any one of the largest fixed stars ; 
which arecalled stars of the jSr^/ magnitude, and 
you will find that though the tube takes in a3 
much sky as would lontain many such stars, yet 
that the single one at which you are looking, is 
scarcely visible, by the few rays which come 
directly from it : this is another proof that the 
brilliaoey of the heavens is much more owing to 
reflected and refracted light, than to the direct 
rays flowing from the stars. 
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CONVERSATION XXIIL 



Ofthe Fixed Stan. 

Charles. Another beautiful evening presents 
itself; shall we take the advantage .which it 
offers of going on with our astronoyiical lee* 
tares ? 

Tutor, I have no objection, for we do not air 
ways enjoy such, opportunities as the brightness 
of the present evening affords. 

James. I wish very much to know how to 
distinguish the stars, and to be able to call them 
l>y their proper names. 

' Tutor. This you may very soon learn ; &few 
evenings, well improved, will enable yoa to dis- 
tinguish all the stars of the first magnitude 
which are visible, and all the relative positions 
of thie different constellations. 

James. What are constellations, sir?* 

Ihtor. The ancients, that they might the bet^ 
ter distinguish and describe the stars, with re- 
gard to their situation in the heaveqs, divided 
them into constellations, that is, systems con- 
sisting of such stars as were near to each other, 
giving them the names of such men or things, 
as they fancied the space whi^h they occupied 
in the heavens represented. 

Charles. Is it then perfeetly arbitrary, that 
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one collection is called the greai bear, another 
the dragon.; a third fferc^tlesj and $o on ? 

Thitor. It 18 ; and though there have been ad- 
ditions to the numbel* of stars in each constella- 
tion, and varioas new constellations invented by 
modern astronomers, yet the original divisioa 
of thp stars into these collections, was one of 
those few arbitrary inventions which has de* 
flcended, yrithout alteraiion, otherwise than by 
addition, from the days of Ptolemy down to th# 
present time. — Do yoa know how to find the 
four Cardinal points, as they are usually .called^ 
the North, South, Weat, and £a6t ? 

James. yes, I kaow that if I look at the sun 
at twelve o'clock at soon, I am also looking to 
the south where he then is ; my back ia towards 
the north ;.the west is «a my right hand, and 
die east on my left. 

Tutor. But you must learn to find these points 
without the assistaoee of (]ie siiOf if you wiah to 
be a young astronomer. 

Charles. I have often heard of the north pole 
$inr; that will perhaps answer the purpose of 
the sun, wheti he his left lis. 

TXktor, You are right ;*do you see those seven 
etars which are in the constellation of the QrefU 
Bear ? some people have supposed their positioa 
will aptly represent a plough; cMthers say, that 
they are more like a wagon and horses ; — the 
four stars representing the body of the wagon, 
and the other three iS^ horses, aad henee Uiejr 
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are called 'by some the plough, and by others 
they are called Charles's wain or wagon. Hene 
is a drawing of it : (Plate v. Fig. I.) a b d g 
represents the four stars) e z b the other three. 

Charles. What is the star t? 

Tutor. That represents the polar star to which 
you just now alluded ; and you observe, that if 
a line were drawn through the stars b and a, 
and produced far enough, it would nearly touch 
it 

James. Let me look in the heavens for it by 
tliis guide. There it is, I suppose; it shines 
With a steady, and rather dead kind of light, and 
it appears to me, that it would be a little to th« 
right of the line passing through tiie stars b 
and a. 

T\Uor. It would, and these stars are generally 
known by the name ottbepoinierSf because they 
point topf the north pole, which is situated a 
little more than two degrees from the star p. 

Charles. Is that star always in the same part 
of the heavens ? 

ThitQr:^ It may be considered as uniformly 
maintaining its position, while the other stars 
seem to move round it as a centre. We shall 
have occasion *to refer to this' star again ; at 
)>resent, I have directed your attention to it, as 
a proper method of finding the Cardinal points 
by star-light. ._ 

James. Yes, I understand now, that if I look 
to the norths by standing widi my .face te.that 

1.2 



«tari the sooth ii kt my back, on my fight hand 
in the east, and the west on my left . 

Tutor. This is one important step in our 
astronomical studies ; but we can make use of 
these stars as a kind of standard, in order to 
discover the names and positions of otherd in 
the heavens. 

Charles, In what way must we proceed in this 
business. 

Tutor. I will give you an example or two.: 
conceive a line drawn from the star z, leaving b 
a little to the left, and it will pass throagh that 
very brilliant star a, near the horixon towards 
the west 

Jiamea. I see the star, but how am I to know 
its name? 

Tutor. Look oo llie eete«tial globe for the 
star Zj and suppose the line dnwn on die globe, 
as we conceived it done in the heavens, and 
you will find the star, and its name« 

Charles. Here it is; — its name isArcturus. 

Tutor. Take the figure, (Fi|. 1.) and place 
Arcturus ^t a, which is its relative position, in 
reiqpeet to the constellation of the Great Bear. 
Now, if you conceive a line drawn through the 
stars g and &, and extended a good way to the 
right, it will paas just above another very bril- 
liant mMt. Etamine the globe u before^ and 
£nd its name. 

Ckariea. ItinCapeUojihtgoat 

TWsr. N9W4 whenerer you see any of these 
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^ttttif you will know where to look for t;he 
4>lher8 without hesitation. 

Jamea^ But do they neyer move from their 
places ? , 

IhAior. With respect to us, they seem to move 
together with the whole heavens. But they al- 
ways remain in the same relative position, with 
respect to each other. HencOvthey are called 
Jlred stars, in oiq)osition to the planeUf which, 
like our earth, are continually changing their 
irieees^. both with regiard to the fixed stars» and 
to themselves also. 

Charles. I now understand pretty well the 
method of acquiring a knowledge of the names 
and places of the stars. 

?V«tor. And with this, we will put an end to 
presebt eonversation. 
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of ti)e Fixed Stars, tfid Ealiptic. 

Ihiot: I dare say that you will have no diffi-* 
eulty in finding the north polar alar as soe» is 
we fp into the open air. 
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Jdmes. I shall at once know where to look 
for that and the other stars which youpointte^ 

out last night, if they hare not cbangCNl their 
places. 

Thitor. They always keep the same position, 
with re^>ect to each other, though their situa- 
tion, with regard to the heavens, will be diflRBf- 
ent at different seasons of the year, and in dif- 
ferent hours of the night. Let us gO into the 
garden. # 

Charles. The stars are all in the same ^hee 
as we left them last evening. . Now, sir, if we 
conceive a* straight line drawn through tiie two 
stars in the plough, which, in your figure (Fig^ 
1.) are marked J and gj and to extend a good 
way down, it will pass, or nearly pass through a 
very bright star, though not so bright as ^re- 
iurua or Capelioj what is that called ? 

Tutor, It is a star of the second magnitude, 
and if you refer to the celestial globe, in the 
same way as you were in^trudsd last night, you 
win find it iscalled Regulua^ or Cor LeoniSy the 

. Lion's heart. By this method you may quickly 
discover the names of all the principal stars, 
and afterwards, with a little patience, you will 
easily distinguish the others, which are less con* 
spicuous. 

Charlies^ But they have not all names ; how 

( are they, specified ? 

Tutor. If you look on the globe, you will ob- 
serve, that they are distinguiKied by the differ* 
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ent letters of the Greek alphabet ; and in those 
eonatellatioQS, in which there are stars of dif« 
fereDt apparent .magnitudes, the largest is • 
alpha, the next in size is ^ beta, the third y 
gamma, the fourth I delta, and so on. 

James, Is there any particular reason for 
this? 

Tutor* The adoption of the characters of the 
Greek alphabet, r^er than any other, was per* 
feetly arbitral^ ; it is, howerer, of great im* 
portance^ that the same characters should be 
used in general by estronotners of all countries, 
for by this meanif the^fcience is in possessipn of 
a sort of universal language. 

Charks* Will you explain how this is ? 

Tutor* Suppose an astronomer in North 
America, Asia, or any other part of the earth, 
observe a eomet in that part of the heavens 
where the constellation ^itk^ plough is situated, 
and he wishes to describe it to his friend in 
Great Britain, in order that he may know, 
whether it was se^n by the inhabitants of this 
islaad. For this purpose^ he has only to men- 
tion the time when he discovered it ; its pqsi- 
lion, as nearest to some one. of the stars, calling 
it by the Greek letter by which it is designated ; 
und the course which it took from one star to- 
wards another. Thus he might say, that at 
such a time he saw a comet near s in the Great 
Bear, and that its course was directed from 6 
to /I, or any ether, at it happens. 
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Charles, Then^ if his friend here had seen a 
, comet at the same time, he would, by this means 
know, whether it was the same or a different 
comet? 

Tutor. Certainly, and hence you perceive of 
what importance it is, that astronoi^ers in dif- 
ferent countries should agree to mark the same 
stars and systeihs of stars by the same charac^ 
ters. But to return to that star, to which you 
just called my attention, the cor leonis^ it is not 
' only a renaarkable atar, but its position is also 
remarkable, it is situated in the ecliptic. 

James* What is that, Vr? 

Tutor. The ecliptic is an imaginary grelit cir- 
cle in the hearens, whieh the sun appears to de- 
scribe in the course of a year. If you look on the 
celestial globe, you will see it msurked vfithtLred 
line, perhaps an emUem of the fierce heat com^ 
municated to us by that body. 

James. But the sun seems to have a circulate 
motion in the heavens every day« 

Tutor. It does ; and this is cdled its apparent 
diurnal, or daily motion, which is very differ* 
ent from the path which it appears to traverse 
^ in the course of a year. The/brmeris observed 
by the most inattentive spectator, who cannot 
but know, that the sun is seen every momiug in 
- the east, at noon in the south, and in the evening 
in the west ; but the knowledge of the latter 
muit be the result of patient ob^vation. 
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Charles: And what is the green line which 
crosses it? 

Tutor, It is called the Equator ; this is an 
imaginary circle belonging to the earth, which 
you most take for granted, a little longer, is of 
a globular forai« If yon can conceive the plane 
of the terrestrial equator to be produced to the 
sphere of the fixed stars^ it would mark out a 
circle ip the heavens, called the celestial equator 
or equinoctial^ which would cut the ecliptic in 
two parts. 

James. Can' we trace the circle of the ecliptio 
in the heavens ? 

Th^tor. It may be done with tolerable accuracy 
by two methods \ first ^ by observing several re- 
markable fixed 'stars, to which the moon in its 
course seems to approach. The second method 
is by observing the placeaofthe planets. 
, 'Charles. Is the moon then always in the 
iscliptic? N 

( Tutor. JS'ot exactly so ; hut it is always either 
in the ecliptic, or within five degrees and a third 
of it on one side or the other. The planets 
also, by which I mean. Mercury, Venus, Mars, 
Jupiter, Saturn, and the Herschel, are never 
more than eight degrees distant from the line 
of the ecliptic. 

James. How can we trace this line, by help 
of the fixed stars ? 

Thtor. By comparing the stars in the hea- 
ven9y with their rejwesentatives on the artificial 
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glob^, a praeiice whieh may be easily aeqiiired, 
aa you have seen. I will mention to you tbe 
tiames of those stars, and you may first find 
them on the globe^ and then refer to as many of 
^them as are now visible in tbe heavena. The 
first IS in the Ram^s \iotn called ^ Jlrieiis, about . 
ten degrees to the norlh of the eclrptie ; the se-* 
cond is the star Jildebaran in the Bull's eye^ six 
degrees south of the ecliptic. 

Charles. Then if at any time I see these two 
stars, I know that the ecliptic runs between 
them, ai^ nearer ta Atdebaran, than to that ia 
the Ram's horn. 

Tut&r. Yes ; now carry your eye eastward to 
a distance somewhat greater from Aldebarady 
than that is east of a Arietis, and you will per* 
ceire two bright stars at a small distance from 
one another called Castor znA Pollux; the lower 
one, and that whieh is least brilliant, is PoitiiXy 
seven degrees on the north side of the ecliptic* 
Following the same track, yoo will come to 
Begulu^f or the cor konis, whieh I have already 
observed is exactly in tiie line of the ecliptic. 
Beyond this, and only two deg^es south of tiuit 
line, you will find the beautiful star in the vir* 
gin's band, called S^ca Firginis, You then er» 
rive at ^ntares] or the Scorpion* s hearif five de» 
grees on the same side of the ecliptic. After* 
wards you will find a Jlquihey which is aitueted A 
nearly thirty degrees north of the ecliptic; and ^ 
farther on is the star Fomahant in the fiah'0 
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motitbi about as many degrees sooth of that 
line. The ninth and last of these stars is Pe- 
ga9U9f in the wing of the flying-horse^ which is 
north of the ecliptic nearly twenty degrees. ' 

James* Upon what accoant are these nine 
i^tars particularly noticed ? 

Tutor, They are «elf <^ed as the most con* 
9picuous stars near the moon's orbit, and are 
considered as propw stations^ from which the 
moon's distance is. calculated ibr every three 
hours of time : and hence are constrocled those 
tables, in the Ncmiical ^InmtwtCj by means of ^ 
which navigators, in their most distant voyagesi^ 
are enabled to estimate, on tiie trackless oeea9, 
the particular pai^t of the globe oa which, they 
are. 

Charle», What do you. men^ iiy the Nautical 
Almanac? 

Tutor. It i&a kind of National Almanae, in* "" 
tended chiefly for the use of persons traversing 
the uughty oqean. It was begun in the year 
|7^7> by I>r.Maskelyne,th€iAatitonomierRoyalf 
and is published by anticipation for several years 
beforehand^ for the coaveoienee. of ships going 
out upon long voyagefti This work bias, been 
found eminendy important in the course of the 
late voyages round the world for making dis* 
coveries. 
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CONVERSATION XXV. 



Of the EphemetiB. 

Charles. Your second method of tracing the 
ecliptic, was by means of the position of the 
planets; will you explain that now ? 

Thtor. I will; and to render you perfectly- 
qualified for observing the stars, I, will devote 
the present conversation to the purpose of ex% 
plaining the use of White's Ephemeris, a little 
book which is published annually, and which is 
a necessary companion to every young astro* 
nomer. 

James. Must we understand all this to study 
the stars? 

J\itor. You must $ or some other book of the 
same kind, if you would proceed on the best and 
most rational plan. Besides, when you know 
the use of this book, which you will completely 
with half an hour's attention, you have nothing 
more to do in order to find the position of the 
plan^ at any day of the year, than to turn to 
that day in the Ephemeris, and you will instantly 
be directed to those parts of the heavens in 
which the difierent planets are situated. Tom 
to the second page. 



OW T8X BVBXMSBIS. 135 

Chdrle9. Here the astronomical characters are 
ei^lained. 

Tutor. The first twelve are the representa- 
tives of the signs into which the circle of the 
ecliptic is divided, called also the twelve signi 
of the Zodiac. 

^ Aries. A Leo. / Sa^ttatins. 

\f Taums* vf^ Virgo. Xf Caprfconi. 

n Gemini. ate Libra. iifff Aquation, 

gs Cancer. ii|, Scorpio. x Pisces. 

Every circle connected with this subject is 
supposed to be divided into 360 parts, called de>- 
grees, and since that of the_ ecliptic is also di<> 
vided into 12 signs, each sigii mast contain 30 
degrees. Astronomers sub-divide each degree 
into minutes and seconds, thus if I would express 
an angle ofvSS degrees, 11 minutes, and 45 se- 
conds, I should write 25P.. IV.. 45". Or, if I 
would express the situation of the sun for llie 
1st of January, 1800, 1 look into the !^phemeris 
and find it in Capricorn, or XJ lO^i. 56'. . 38". 

James. What do you mean by the Zodiac ? 

Tutor. It is an imaginary broad circle or belt 
surrounding the heavens, about si3i;'teen degrees 
wide ; along the middle of which runs the eclip- 
tic. The term Zodiac is derived from a Greek 
word signifying pn animal, because each of the 
twelve signs formerly represented some animal ; 
that which we now call Libra, being by the an* 
cients reckoned a part of Scorpio. 
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James. Why tire the signft of th^ Zodiac call- 
ed by the several names of Aries, Taurus, Leo^ 
&c. ? I see no likeaess ii^ tlie hc^vend to Rama, or 
Bulla, or LionS) whith are th^ English w'ords for 
thode Latin ooeit 

7\itar. Nor do I ; nevertheless^ the aneieiita 
saw, \^y the help of a strong imagination, asifni- 
lariiy between those animals, and the places 
which certain systems df stars took up in the 
heavens, and gave them the names which have 
continued to this day. 

Charks, Perhaps thede were originally invent* 
ed, in the same Way ds we sometimes figure t» 
bur imagination, the appearances of mien, beasti^ 
ships, trees, &e« in liie flying clouds t>r in the 
fire. 

ihtar. They might possibly have no better 
authority for their origin. At any rate it will 
be useful for you to have the nainea of tiie 
twelve signs in your memory, as well as tiie 
order in which fhey stand : I will therefore 
repeat tome lines written by Dr. Watts, in 
which they are expressed in English, and «wiU 
be easily remembered : 

The /?affi, the BuU, the hemenlff Twim^ 
And next the Vrab, the Lian shinet^ 

The Firgifif and the SeaUif 
The SeorpioHt JMier^ and B^SL^Ooatf 
The Mon that holds tlie waiering^p(4» 

And Fi$h with glitierinff tiiils. 
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Charles. We come now to the characters 
placed before the phneU. 

Tutor, These, like the former, are but a kind, 
of short-band characters, which it is esteemed 
easier to write, than the names of the planets at 
Iiengtfa. They are as follow : 

y TheHerscheL ® The Sun, 

\ Saturin. 9 Venus. 

% Jupiter. $ Mercury. 

% Mars. > TheMooa, 
^ The Earth. 

With the other characters you have no need to 
trouble yourselves^ till you come to calculate 
eclipses, and construct astronomical tables, a 
labour which may be deferred for some years to 
come. Turn to the eighth p^ge of the Ephe* 
meris* , 

ffames. Have we no concern with the interme- 
diate pages between the^ second and eighth? 

Tutor, They do not contain any thing that 
requires explanation. In tlie eighth page, after 
the common almanac for January, the Srst two 
columns point out the exact time of the sun's 
rising and setting at London ; thus on the lOth 
day of January he rises at 53 minutes after 7 in 
the morning, and sets at 9 minutes past 4 in the 
afternoon. The third colmpQ giyes th9 declina- 
tion of the sun. • 

JameB. What is that, sir? 
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7\t(of. The declmatien of the sud, or of any 
heavenly body, is its .^ataiice from the imagi- 
^ nary circle in. the heavens^ oailed ih^^uinoctiaL 
T|;iu8 you observe that th^ suo'sf deciinaiion oo 
the 1st of January is 23^.. 4' south ; or, it is. so 
many degrees south of the imaginary equator. 
Turn to March, 1803, and you v^ilt see that be* 
tween the 20th and 21st days it is in the equa- 
tor, for at 12 o'clock at noon on the 20th it is 
only 25' south, and at the same houron the 21st 
it is r north oif that line: and when it is in the 
equator, then it has no declination. 

Charles. Do astronomers always reckon from 
12 o'clock at noon ? 

Tutor. They do: and hence the astronomical 
day begins 1^ hours luM* than the day accord- 
ing to common reckoning: and therefore the 
d€H^ination, longitude, latitude, &c. of the sun, 
moon, and planets, are always put down for 12 
Vclook, at noon of the day to which they are 
opposite. Thus the sun's dedinatron for the 16th 
of January at 12 o'clock is 20^.. 5^* south. 

Chopies. Is that because it is the commence- 
ment of the astronomical day, though in com- 
mon life it be called 12 o'clock ? 

Tutor. It is. The three next colomns contain 
the moon's decHnirtion, the time of her rising 
and settings and the time of her southing, or 
when she comes to the meridian or sooth part of 
the heavens* 
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Charles. Does she not come to the south at 
nooit as well as the sun ? 

T\Uor, No ; the moon never comes to the me- 
ridian at the same time as the sun, but at the 
time of new moon. And this^ circumstance 
takes place at every new moon, as you may see 
by casting your eye down the several cohimns 
in the Sphemeris which relate to the moon's 
southing. 

The glory, the changes, and the motion of the 
moon, are beautifully desc^bed ia the following 
lines : 

By thy command the Moon, as da^-light fadesj 

Lifts her broad circle in the deepening shades { 

An-ay'd in gloty, and enthron'd in light. 

She breaks the. solemn terrors of the night $ 

Sweetly inconstant in her varying flame. 

She changes still, another, yet the same ! 

Now in decrease, by slow deg^es she sbroiids 

Her fading lustre in a veil of clouds ; 

Now of increase, her g^th'ring beams display 

A blaze of light, and give a paler day ; 

Ten thousand stars adorn her glitt'ring train. 

Fall when she falls, and rise with her again ; 

And o'er the .deserts of the sky unfold ' 

Their burning spangles of sidereal gold ; 

Througli the wide heav'nsshe moves serenely bright» 

Queen of the g^y attendants of the nig^t^ 

Orb above orb in sweet confusion lies. 

And with a btight ^biorder paiata the skiet. 

Bboome. 

James. What do you say pf the 7th column :-^ 
the clock before th^ sun f 
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Tutor. A foil explanation of that must be de* 
ferred till we come to speak of the equation of 
time; at present it wi^I be sufficient for you to 
know thut if you are in possession of a very 
accurate and well regulated clock, and ^so of 
an excellent sun-di^l, they will be together only 
four days in a year ; now this 7th colun^q in the 
Ephemeris points out how much the clock is be- 
fore the sun ; or the sun before the clock for 
every day in the year. On twelfth-day^ 1809, 
jfor instance, the clock is faster than the sun by- 
six minutes and twelve seconds : but if you turn 
to May-dqy ypu wi)l find that the clock is 3'.. 4" 
slower than th.e sun. 

James, What are the foyr days in the year, 
when the clock and dial are together? 

JSjttor. About the I5th of April ; the 15th of 
June; the 1st of September; and Christmas- 
day, 

Charles^ By this table then we ma^ regulate 
pur clocks and watohesf. 

Jame9* |n what manner ? 

Charles. Examine on any particular day the 
cloc^ o^ \)ratch and dial, at the same time, say 12 
o'clock, and observe whether the difference be- 
tween them an^wen^ to the^difference set down in 
the table, opposite to th^ day of observation. 
7huson the 12th ofJVfarch, 1809, the clock will 
not show true time unless it be 10' . . 3" before 
the dial, or when the dial is 12 o'clock it must 
be 10' . .3" past 12 by the clock or watch. 
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^br. Well, let us proceed to the next pag^ 
The ' first three Moiif columns, relating only to 
the duration of day-light and twilight, require 
jio explanation : the fourth we shall pass over 
for the present ; and the remaining five give thiB 
iatitude of the planets. 

James. What do yotx nrtean by the latitudlf^ 
sir? 

STWor. The latitude of any heavenTy body is its 
distance from the ecliptic north or south. ThB 
latitude of Venus ^ on new-year's day, 1803^ is 
4*^ north. 

Charles. Then the fo/iVt/flfe of heavenly bodies, 
has the same reference to the ecliptic, that decli' 
nation has to the equator? 

TSitor. It has. 

James. But I do not se^ any t|ible of the sun's 
latitude. 

Tutor. I dare say your brotlier can give yod 
a reason for this. 

Charles. Since the latitude of a heavenly bo* 
dy is its distance from the ecliptic, and since the 
sun is always in the ecliptic, therefore he cao 
have no latitude. * 

T^tor. The lohgituele of the sun and planets is 
the only thing in this page that remains to be 
explained. The longitude of a heavenly body is 
its distance from thefirst point of the sign Aries, 
and it is measured on the ecliptic. It is usual, 
however, as you observe in the Ephemens, to 
express the longitude of a hejavenly body by the 
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degree of the sien in which it is. In tbit way 
the sun's longitude on the 1st of January, 160^, 
is in Capricorn 10^. .45'. .14'^; that of the moon 
jn Cancer 6^. .4' ; that of Jupiter is in Pisces, 

Charles, There are some short columns at 
the bottom of the fohner page that you have 
omitted. 

Tk^ior. The use of these will be better under- 
iftood when we come to cpnveFse respecting the 
planets,^ ^ 



CONVERSATION XXVI. 



OrtiieSolsr System. 

JSitor. We will now proceed to the descrip- 
tion of the Solar System, 

James. Of what does that consist^ sir ? 

TSitor. It consists of the sun, and planets, 
with their satellites or jmoons. It is called the 
Solar System, from iSb/lthe sun, because the sun 
is supposed to be fixed m the centre, while the 
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* For the explanation of Heliocentric Longitude* see 
Conversation XU. 
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planetfi, and our earth among them^ revolye 
round hitn at different distances. 
. Charles. But are there not some people who 
believe that the sun goes round the earth ? 

Tkiior. Yes, it is an opinion embraced by the 
generality of persons^ hot accustomed to reason 
on these aubjects. It was adopted by Ptolemy^ 
who supposed tlie earth perfectly at rest^ and the 
sun, planets, and fixed stars to revolre about it 
every twenty-four hours. 

James. And is not that the most natural 8up« 
position? 

Tutor. If the sun and stars were small bodi^ 
in comparison of the earth, and were situated 
at no very great distance from it, then the sys^ 
tern maintained by Ptolemy and hia followers 
might appear the most probable. 

James. Are the sun and stars very large bo- 
dies then ? , , 

IHitor. IThe san is more than a million of 
times larger than the earth which we inhabit, 
and many of the fixed stars are probably much 
larger than he is. 

. XJharks. What is the reason, then, that they 
appear so small ? 

Thitor. This appearance is caused by the ira* 

. mense distance there is between us and these 

bodies. It is known with certainty, that the 

sun is more than 95 millions of miles distant 

from the earth, and the nearest fixed star is pro* 
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bably more thin two hundred thousand times far- 
ther from U8 than even the sun himself.* 

Charles. But we can form no conception of 
0uch distances. 

Tkttor. We talk of millions, with as much ease 
as of hundreds or tens, but it is not, perhapc^ 
possible for the mind to^onn any adequate con* 
eeptiona of such high numbers. Several me* 
thods have been adopted to assist the mind in 
comprehending the vastness of these distances. 
You have some idea of the swiftness with which 
a cannon*ball proceeds from the mouth of the 
gun? 

: James* I have heard at the rate of eight miles 
in a minute. 

Tutor. And you know how many minutes 
there are in a year? 

James. I can easily find that out, by multi- 
plying 365 days by 24 for the number of hours, 
and that prodtfet by 60, and I shall have the 
number ot- minutes in a year, which number is 

Tuicr. Now if you divide the distance of the 
lun from the earth by the number of minutesHn 
a year multiplied by 8, because the eabnon-bajil 
travels at the rate of 8 miles in one minute, and 

• ^ Tlic youiif reacler wilt, when he is able to manage the 
9«bjeet» see this clearly demonstrated by a series of propo* 
sitions in the 5th book of Dr. Enfield's Institutes of Natural 
Philoaopby. Second Edition. See p. 346 to end of book V. 
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you will know how long any body issuing from 
the suuy with the velocity of a cannon ball^ would 
employ in reaching the earth. 

Charles. If I divide 95,000,000 ]>y 525,600 
multiplied by 8, or 4,204,800, the answer will be 
more than 22, the number of years taken for the 
journey. 

Tutor. Is it then probable that bodies so large, 
and at such distances from the earth, should re- 
volve round it every day ? 

Cha/rhs: I do not think it is.-^Will you, sir, 
go on with the description of the Solar System? 

TSitor. According to this system, the sun is 
in the centre, about which the planets revolve 
from west to east^ according to the order of the 
signs in the ecliptic ; that is, if a planet is seen in 
Aries, it advances to Taurus, then to Gemini, 
and so on. 

James. How many planets are there belong* 
ingvto the sun ? 

Tutor. There are seven, besides some small- 
er bodies of the same kind discovered within, 
these nine years. C (Plate v. Fig. 2.) repre- 
sents the sun, the nearest to which mercury re- 
volves in the circle a; next to him is the beauti- 
ful planet VenuSy who performs her revolution in 
the circle h; then comes the Earth m t; next to 
which is Mars in e; then J^Lpiterxn the cirqley*/ 
afterwards Saturn in g; and far beyond him the 
Herschel planet performs his revolution in the 
v»L. I. — Tsr 2 
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circle A. Do you recollect the lines in Thom- 
iloa's Summer? 



-•-And thou, O Sun $ 



Soul of suiroundini^ worlds ! in whom best seen 
Shines out thy Maksb ! may I ung of thee } ' 

'Tis by thy secret* strong attn^ctive force* 
As with a cliaui indissoluble bound* * 

Thy system rolls entire r from the far bourne 
Of utmost Heneheip wheeling wide his round 
otfouneore years ; to Mercury, whose disk 
Can scarce be caujriit by philosophic eye. 
Lost in the near effulgence of thy blaze. 

Charles. You have substituted the words Her- 
schely and Auracore, for Saturn and thirty. 
These lines are descriptive of the figure. 

James. For what are the smaller circles 
^hich are attached to several of the larger ones 
intended ? 

7V/or. They are intended to represent tlie 
orbits of the several satellites or moons belong- 
ing to som6 of the planets. 

James. What do you mean by the word orbit? 

Tutor. The path described by a planet in its 
course round the sun, or by a moon round its 
primary planety is called its orHt. Look to the 
orbit of the earth in t (Fig. 2.) and you will see 
a little circle which represents the orbit in which 
our moon performs its monthly journey. 

Charles. Has neither Mercury nor Venus any 
moon? 
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Thztor, None have ever been discovered be- 
longing either to Mercury, Venus, or Mars. Ju- 
piter, as you observe by the figure, has four 
moons r Saturn has seven : and the Herschel 
(which also goes by tbe name of the Georgium 
Sidus) has six ; these for want of room are not 
drawn in the plate. 

Charles. The Solar System theo^consists of 
the sun as the centre, round which revolves 
seven planets, and eighteen satellites or moons. 
Are there no other bodies belonging to it? 

Tutor, Yes, as I just observ.ed, four other 
planetary bodies have been very lately disco- 
vered as belonging to the solar system. These 
are very small, and named from the gentlemen 
who discovered them, who were Messrs. Piazzi, 
Olbers, and Harding. They are also called the 
CeresmFerdinandea, Pallas^ Junoy and Vesta. 
There are comets also which make their ap- 
pearance occasionally ; and it would be wrong 
positively to afiirm that there can be no other 
planets belonging to the solar system ; since, 
besides the four bodies just mentioned, it is only 
within these thirty years, that the seventh or the 
Herschel has been known to exist as a planet 
connected with this system. 

Charles. Who first adopted the system of the 
world which you have been describing? 

Tutor. It was conceived and taught by Py- 
thagoras to his disciples, 500 years before the 
time of Christ But it seems soon to have been 
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disregarded^ or perhaps totally rejected^ till 
about 300 years ago, when it was reviwed by 
Copernicus^ and is at length generally adopted 
by men of science : 

The sao revolving on his axis turns. 
And with creative fire intensely bums ; 
Impell'd the forcive air, our earth supreme 
Roils with the planets round the solar gleam ;j 
First Mercury completes her transient year, 
Glowing refulgent^ with reflected glare ; 
• Bright Yenus occupies a wider wav ; 
The early harbinger of night and day : 
More distant still oar globe terraqueous turns, 
ffot chills intense, nor fi^vely heated boms. 
Around her roUs the lunar orb of light. 
Trailing her silver glories through uie night : 
Beyond our gl^be the saliguine Mars displays 
A strong reflection of primeval rays; 
Next belted Jupiter far distant gleams^ 
Scarcely enlighten'd with the solar beams : 
With four unfix'd receptacles of light 
He towers majestip through the spacious height ; 
But farther yet the tardy Saturn lags, 
And seven attendant luminaries drags ; 
Investing with a double rii^ his pace. 
He circles through iqiQ^ensity of spfice. 

CHmuTQir. 
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CONVERSATION XXVIL 



Of the Figure of the Earth. 

Th^ior. Havingy in .our last convej^Bation, 
given you a description of the Solar System in 
general, we will now proeeed to consider each 
of its parts separately ; and since we are most 
of all concerned with the earthy we will begin 
with that body. 

James. You promised to give us some rea- 
sons why this earth must be in the form of a 
globe and not a mere extended plane, as it ap» 
pears tb common observation. 

Tutor. Suppose you were standing by the 
sea-shore, on a level with the water, and at a 
very considerable distance, as far as the eye can 
reaeb, you observe a ship approaching, what 
ought to be the appearance, supposing the sur- 
face of the sea to be a flat plane? 

Charles. We should, I think, see the whole 
ship at once, that is, the hull would be visible as 
soon as the top-mast 

I\itor. It certainly must, or indeed rather 
sooner, because the body of the vessel being so 
much larger than a slender mast, it must ne« 
cessarily be visible at a greater distance. • 
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James. Y^r I ^^^ ^^^ ^^^ steeple of a church 
at p. much greater distance than I can discern 
the iron conductor which is upon it, and that I 
can perfectly see long hefore the little piece of 
gold wire, which is fixed at its extremity, is 
visible. 

Thitor, Well, but the top-mast of a vessel at 
sea is always in view some little time before the 
hull of Jthe vessel can be discerned. Now, if the 
surface of the sea be globular, this ought to be 
the appearance, because the protuberance or 
swelling of the water between the vessel and 
the eye of the spectator, will hide the body of 
the ship some time after the pendant is seen 
above. 

Charles. In the same way as if a high build* 
ing, a church for instance, were situated on one 
side of a hill, and t was walking up on the oppo-^ 
site side, the steeple would come first in sight, 
and, as I advanced towards the summit, the other 
parts would con^e successively in view. 

Thitor. Your illustration is quite to the pur-* 
pose : in the same way two persons, walking 
up a hill on the opposite sides, will perceive 
each other's heads first; and as they advance 
to the top, the other parts of their bodies will 
become visible. With respect to the ship, the 
following figure will convey the idea very com- 
pletely. (Plate V. Fig. 9*) Suppose c a b repre- 
sent a small part of the curved surface of the sea : 
if a spectator staod at b, while a ship is at c. 
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only a small part of the mast is visible to him, 
but as it advances^ more of the ship is seen, till 
it arrive at e^ when the whole will be in sight: 

Behold, when the fl^lad ship shoots from the port 
Cpoa ftill sail, the hulk first disappears. 
And then the lower, then the higher sails ; 
At len^h the summit of the towering mast 
Alone IS seen : nor less, when from the ship 
The longing sailor's eye, in hope of shore: 
For then, from the top. mast, tho' more remote 
Than either dec^ the shorp is ^st beheld. 

Lotft's Eudosia. 

Charles. When I stood by the sea-side the 
water did not appear to me to be curved. 

Tutor. Perhaps not; but its convexity may 
be discovered upon any still water ; as upon a 
river, which is extended a mile or two in lengthy 
for you might see a very 9mall boat at that 
distance while standing upright; if then you 
stoop down so as to bring your eye, near the 
water, you will find the surface of it rising in 
such a manner as. to cover the boat, and inter- 
cept its view completely. Another proof of the 
globular figure of the . earth is, that it is neces- 
sary for those who are employed in cutting ca- 
nals, to make a certain allowance for, the con- 
vexity ; since the tru& level is not a straight 
line, but a curve which falls below it eight 
inches every mile* 

Charles. I have heard of people sailing round 
the world, which is another proof, I imagine, of 
the globular figure of the earth. 
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Tutor. It is a well known fact that navigators 
have fiet out from a particular port, and by 
steering their course continually westward, 
have at length arrived at the same place from 
whence they first departed. Now had the earth 
been an extended plane, the longer they had 
travelled, the farther must they have been from 
home. 

Charles. How is it known that they continu- 
ed, the same course ? might they not have been 
driven round at open sea? 

Thtor. By means of the mariner's compass, 
the history, property, and uses of which, I will 
explain very particularly in a future part of our 
lectures, the method of sailing on the ocean by 
one certain track, is as sure as travelling on the 
high London road from the metropolis of York. 
By this method, Ferdinand Magellan sailed in 
the year 1519 from the western coast of Spain, 
and continued his voyage in a westward course 
till he arrived after 1124 days in the same port 
from whence he set out The same with respect 
to Great Britain, was done by our own country- 
men Sir Francis Drake, Lord Anson, Captain 
Cook, and many others. 

Charles. Is then the cdmmon terrestrial globe 
a just representation of the earth ? 

Tktlor. It is, with this small difference,* that 



^ What the earth loses of its sphericity, by mountains and 
valleys, i^veiy incoD8idenib]e : the bi^^hest moantain bearinf^ 
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the artificial globe is a perfect slphere, whereas 
the earth is a spheroid, that i^, in the shape of 
an orange, the diameter from pok to poie being 
about 37 miles shorter than that at the equator. 

James, What are the poles, sir? 

Thtor. In the artificial globe (Plate v. Fig. 
4.) there is an axis ns- about which it turns; 
now the two extremities or ends of this axis v 
and s are called the poles. 

The globe terrestrial^ with its sUntioff pidesi 
And aU iti pond'roiu load, unweancd rolls. 

Bl^CKXOBB. 

Charles. Is there any axis belonging to the 
e«'th? 

Tutor. No ; but, as we shall to*morrow show, 
the earth turns round once in every 24 hours, so 
astronomers imagine an axis upon which it re- 
volves a3 upon a centre, the extremities of which 
imaginary axis are the poles of the earth, of 
these V the north pole points at all times exactly 

so little proportion to its balk, Us searcelj to be eqaivslent 
%o the .minutest.piotubersAce on the suiikoe of an oran^ t 

These inequalities to us seem great $ 

But to an eye that comprehends the whole* 

The tumour which to us so monstrous seems . 

Is as a grain of sparkling sand that clinn 

To the smooth surface of a sphere of gutfs : 

Or as a fl^ upon the convex dome 

Of a subhme, stupendous edifice* 

Lorn. 
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topy (Fig. 1.) the nortii|)ole of the heavens which 
vfe have already described, and which is, as you 
recollect, wjtbin two. de;gree8 of the polar star. 

James. And how do you define the equator? 

Tatar. The equator a b (Fig. 4.) is the 
circumferen(;e of an imaginary circle passing 
through the centre of the earth, perpendicular 
to the axis js s, and at equal distances from the 
poles. 

Charles. And I think you told us, that if we 
conceive4 this circle extended every way to 
the fixed stars, it would form the celestial equa^ 
tor. 

TSitor. I did : it is also called the e^f no6/£a/, 
and you must not forget, that in this case it 
would cut the circle of the ecliptic c d in two 
points. 

James. Why is the ecliptic marked on the ter- 
restrial globe, since it is a circle peculiar to the 
heavens F 

Tutor. Though the ecliptic be peculiar to the 
heavens, and the equator to the earth, yet they 
are both drawn on the terrestrial and celestial 
globes, in order, among other things, to show 
the position which these imaginary circles have 
to one another. 

I shall now conclude our present conversa- 
tion, with observing, that besides the proofs 
adduced for the globular form pf the earth, there 
are others equally conclusive, which will be 
better understood a few days hence. 
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CONVERSATION XXVIII. 



Of the Diutittl Motion of the Etftb. 

Tutor. Well, gentlemen, are you satisfied that 
the earth on which you tread is a globular body 
and not a mere extended plaae ? 

Charles. Admitting the f^cts which you men- 
tioned yesterday, viz. that the top-mast of a ship 
at sea is always visible before the body of the 
vessel comes into sight ; — that navigators have 
repeatedly, by keeping the same direction, sailed 
round the world ;-^-and that, persons employed 
in digging canals, can only execute their work 
with effect, by allowing for the supposed globu* 
lar shape of the earHi, it is evident the earth 
cannot be a mere extended plane. 

James. But all these facts can be accounted 
for, upon the supposition that the earth is a 
globe, and therefore you conclude it is a globe : 
this was, I believe, the nature of the proof? 

Tutor, It was ; let us now advance one step 
further, and show you that this globe turns on an 
imaginary axis every twenty-four hours ; and 
thereby causes the succession of day and night : 

And eardi self-balAncM on her centre hung. 

Pa». Lost. 
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Jame^. I shall wonder if yoa are able to afford 
snch satisfactory evidence of the daily motion 
of the earthy as of its globular form. 

Tutor. I trust, nevertheless, that the argu- 
ments on this subject will be sufficiently convinc- 
ing, and that before we part you will admit, 
that the apparent motion of the sub and stars is 
occasioned by the diurnal motion of the earth. 

Charles. I shall be glad to hear how this can 
be proved ; for if in the morning, I look at the 
sun when rising, it appears in thc'east, at noon 
it has travelled to thb south, add in the evening I 
see it set in the western part of the heavens. 

James. Yes, and we observed the same last 
night (March the 1st) with ijespect to Jircturus^ 
for about eight o'clock it had just risen in the 
north-east part of the heavens, and when we 
went to bed two hours after, it had ascended a 
good height in the heavens, evidently travelling 
towards the west 

Tutw. It cannot be deniied that the heavenly 
bodies appear to rise in the east and set in the 
west ; but the appearance will be the same to us, 
whether those bodies revolve about the earth 
while that stands still, or they stand still while 
the earth turns on its axis the contrary way. 

Charles. Will you explain this, sir? 

Tutor. Suppose o r c b (Plate vi. Fig. 5.) to 
represent the earth, t the centre on which it 
turns from west to east, according to the order 
of the letters o r c b. If a spectator on the sur- 
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ftice of the earth at k^ see a star at n^ it will appear 
to him to have just riisen ; if now the earth be 
supposed to turn on its axis a fourth part of fk 
reyolution, the spectator will be carried from r 
to 0) and the star will be just oyer his head ; 
when another fourth part of the revolution is 
completed, the spectator will be at b, and to 
him the star at h will be setting* and will not be 
visible again till he arrive, by the rotation of the 
earth, at the station b. 

Charles, To the spectator, then, at b, the ap- 
pearance would be the same wh^er he turned 
with the earth into the situation b, or the star at 
R had described, in a contrary direction, the 
space H z o in the same time. 

Tutcp* It certainly would. 

James, But if the earth really turned on its 
axis, should we not perceive the motion. 

Tutor. The earth in its diurnal rotation being 
subject to no impediments by resisting obstacles, 
its motion cannot affect the senses. In the same 
way ships on a smooth sea are frequently turned 
entirely round by the tide, without the know- 
ledge of those persons who happen to be busy 
in die cabin or between the decks, 

Charles. That is, because they pay no atten- 
tion to any other object but the vessel in which 
they are. Every part of the ship moves with 
themselves. 

James. But if while the ship is turning, with- 

VOL.iI. — 
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out their knowledge, they happen to be looking 
at fixed distant objects, what will be the ap- 
pearance ? 

Tkitor. To them, the objects which are at 
ifest will appear to be turning round the contrary 
way. In the same manner we are deceived in 
the motion of the earth round its axis; for if wo 
attend to nothing but what is connected with 
the earth, we cannot perceive a motion of 
which we partake ourselves, and if we fix our 
eyes on the heavenly bodies, the motion of the 
earth being so easy, they will appear to be turn- 
ing in a direction contrary to the real motioa 
of the eart;h« 

Charles, I have sometimes seen a sky-lark 
hovering and singing over a particular field for 
several minutes together ; now if the earth is 
continually in motion while the bird remains ia 
the same part of the air^ why do we not see the 
field, over which he first ascended, pass from, 
under him ? 

Tutor, Because the atmosphere, in which the 
lark is suspended, is connected with the earth,, 
partakes of its motion, and carries the lark 
along with it ; and therefore, independently of 
the motion given to the bird by the exertion of 
its wings, it has another in common with the 
earth, yourself, a^nd all things on it, and being 
common to us all, we have no methods of ascer- 
taining the fact by means of the senses. The 



rotation of the earth on its axis, the stndothness 
of its motion, and its effect on the atmosphere, 
are described by Milton in three lines : 



-That spinning sleeps 



On her soft axle as sh6 paees even. 

And bears usswift vrith the smooth air along. . 

James. Though the motion of a ship cannot 
be observed without obje<its at rest to compare 
with it, yet I cannot help thinking that if the 
earth moved, we should be able to discover it 
by means of the stars if they are fixed. 

Tutor. Do you not remember once sailing 
very swiftly on the river, when you told me that 
you tbouj^t all the trees, houses, &c. on its 
banks were in motion ? 

James. I now recollect it well, and I had 
«ome difficulty in persuading myself that it wa3 
not so. 

Charles. This brin^ to my mind a still 
stronger deception of this sort : when travelling 
with great speed in a post-chaise, I suddenly 
waked from sleep in a smooth but narrow road, 
and I could scarcely help thinking, for several 
Minutes, but that the trees and hedges were 
running away from us, and not we from them. 

Thiior. I will mention another curious instance 
of this kind: if you ever happen to travel 
pretty swiftly in a carriage by the side of a field 
ploughed into long narrow ridges, and perpen- 
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dieular to the road, you will think that all the 
ridges are turning round in a direction contrary 
to that of the carriage. These facta may satitfy 
you that the appearances will be precisely the 
same to us, whether the earth turn on its axis 
from west to east, or the sun and stars move 
from east to west 

James. They will : but which is the more 
natural conclusion ? 

ThAtor. This you shall determine for yourself. 
If the earth (Plate v. Fig. 4.") turns on its axis 
in S4 hours^ at what rate will any part of the 
equator A B move? 

Charles. To determine this we must find the 
measure of its circumference, and then dividing 
this by t4 we shall get the number of miles 
passed through in an hour. 

Tutor, Just so } now caU the semi-diameter 
of the earth 4000 miles, which is rather more 
than the true measure. 

James. Multiplying this by six* will give 
;S4,000 miles for the circumference of the earth 

* If the reftder voald be ftccunte in hifl cakoUitiona he must 
take the mean radius of the earth at 3965 miles, and this 
multiplied by 6,28311 ^U give 24,912 miles for the circum- 
ierenee. Through the remainder of this work, the decimals 
in multiplication are omitted in order that thenund may not 
be burdened with odd numbers. It seemed tiecessary, now- 
eyer, in this place to give the true semiodiameter of the eartii, 
and the number (accuiate to five places of decimals) by 
which if the radius of any drcle be muUiplJed, the circum- 
fereoce is obtidned* 
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at the equator, and this divided by 24, gives 
1000 miles for the space passed through in an 
hour. 

Tutor. You are right. The sun, I have al- 
ready told you, is 95 millions of miles distant 
from the earth : tell me therefore, Charles, at 
what rate that body must travel to go round the 
earth in 24 hours? 

Charles, I will ; 95 millions multiplied by 
six will give 570 millions of miles for the length 
of his circuit, this divided by 24 gives nearly 
24 millions of miles for the space he must travel 
In an hour, to go round the earth in a day. 

Tutor. Which now is the more probable con- 
clusion, either that the earth should have a diur- 
nal motion on its axis of 1000 miles in an hour, 
or that the sun, which is a million of times 
larger than the earth, should travel 24 millions 
of miles in the same time ? 

Jamts. It is certainly more rational to con- 
clude that the earth turns on its axis, the effect 
of which yoatold us was the alternate succes- 
sion of day and night 

. Tutor. I did; and on this and some other 
topica we will enlarge to-morrow. 
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CONVERSATION XXIX, 



' or Day aad Night 

Janus. You are now, sir, to apply the rota- 
tion of the earth about its axis to the succesaioo 
of day and night . 

Tutor. I will ; and for this purpose, suppose 
a K c B (Plate vi. Fig 5.) to be the earth, t%^ 
volving on its axis, according to the order of the 
letters, that i%. from o to b, b. to c, &c. If the 
sun be fixed in the heavens at z^ and a line h o 
be drawn through the centre of the earth t, it 
will represent that circle, which when extended 
to the heavens is called the rational horizon. 

Charles. In what does this differ from the- 
sensible horizon f ' 

Thitor. The sensible horizon is that circle in 
the heavens which bounds the spectator's view, 
and which is greater or less, according as he 
stands higher or lower. For example ; an eye 
placed Btj^ve feet above the surface of the earth 
or sea, sees 2| miles every way : But if it be at 
20 feet high, that is four times the height, it will 
see 5i mites, or twice the distance.*. 

• See Dr. Asfawmlh's TrigonometiT, Prop. 31. 2d Edi- 
tiftn, 1803. ^ t" 
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Charles. T\ktnih€8ensiUe dijBTers from the ra- 
tumal horizan ia this, that the former ia seen 
from the surface of the earth, and the latter is 
supposed to be viewed from it» centre. 

Tutpr^ You are right ; and the rising and 
setting of the sun and stars are always referred 
to the rational horizon. 

Jcmua. Why so? they appear to rise and set 
as soon as they get above^ or sink below that 
boundary which separates the visible from the 
invisible part of the heavens. 

Tutor, They do not, however : and the reason 
is this, that the distance of the sun and fixed 
ftars is so great in comparison of 4000 miles 
{the difference between the surface and centre 
0i the earth;) that it can scarcely be taken into 
recount. 

Charles. But 4000 miles seem to me an im- 
mense space. 

7\ttor. Considered separately, they are so, 
but when compared with 95 millions of miles, 
the distance of the sun from the earth, they 
almost vanish as nothing. 

James* But do the rising and setting of the 
moon, which is at the distance of 240,000 miles 
only, respect also the rational horizon ? 

Tutor. Certainly ; for 4000 compared' with 
240,000, bear only the proportion of 1 to 60. 
Now if two spaces were marked oat on the 
earth in different directions, Uie one 60, and the 



164 ASTRONOMT. 

other 61 yards, should you at once be able to 
distinguish the greater from the less? 

Charles. I think not 

TV/or. Just in the same manner does the 
distance of the centre from the surface of the 
earth vanish in comparison of its distance from 
the moon. 

Jamei, We must not, however, forget the 
succession of day and night 

Tutor. Well then ; if the ^un be supposed at 
z, it will illuminate by its rays all that part of 
the earth that is above the horizon fi o : to the 
inhabitants at g, its western boundary, it will^ 
appear just rising: to those situated at r, it will 
be noon ; and to those in the eastern part of the 
horizon c, it ^ill be setting. 

Charles. I see clearly why it should be noon 
to those who live at r, because the sun is just 
over their heads, but it is not so evident, why 
the sun must appear rising and setting to those 
who are at o and c. 

Thior. You are satisfied that a spectator can- 
not, from any place, observe more than a semi- 
circle of the heavens at any one time ; now what 
parts of the heavens will the spectator at o ob- 
serve ? 

James. He will see the concave hemisphere 
zo N. 

Tutor. The boundary to his view will be w 
and Zy will it not? 
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Gharles. Yes ; and consequently the sun at z, 
will to him be just coming into sieht« 

Tutor. Then, by the rotation of the earth, tine 
spectator at a will in a few hours come to b, 
when, to liim, it will be nooa; and those who 
live at R, will have descended to c ; now what 
part of the heavens will they see in this situa- 
tion ? 

James. The concave hemisphere n h z, and 
z, being the boundary of their view one way, 
the sun will to them be setting. 

Tutor. Just so. After which they will be 
turned away from the sun, and consequently it 
will be night to them till they come again to o. 
ThuSji by this simple motion of the earth on its 
axis, every part of it is, by turns, enlightened 
and warmed by the cheering beams of the sun. 

Charles. Does this motion of the ea^th ac- 
count also for the apparent motion of the fixed 
stars? 

Tutor. It is owing to the revolution of the 
earth round its axis, that we imagine the whole 
starry firmament revolves about the earth in 24 
hours. 

James. If the heavens appear to turn on an 
axis, must there not be two points, namely, the 
extremities of that imaginary axis, which always 
keep their position? * * 

Tutor. Yes, we must be understood to except 
the two celestial poles which are opposite to the 
poles of the earth, consequently each fixed star 
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appeam to describe a greater or a lest eircic 
round these, according as it is hiore or less re* 
mote from those celestial poles. 

Charles. When we turn from that hemisphere 
in whicfa the sun is placed, we immediately gain 
«ight ef the other in which the stars are situated. 

Tutor. Every part of the heaven is decorated 
with these glorious bodies : and 

% 

mgtit opes the noblest scenes* tod sheds an awe,- 
Which gires those venerable scenes full weightt 
And deep reception in th* intender'd heart 
' This gorgeous apparatus ! This display! 
\ This ostentation or creative power ! 
This theatre! what eye can take it in? 
By what divine enchantment was it rsis'd 
For minds of the first magnitude to launch 
In endless specu]at]Ol^ and adore ? 
One sun by day, bf night ten thousand shine : 
And light us deep into ^e petty ; 
How boundlesi in magnificence and might ! 

Yonra. 

James. If every part of the heavens be thus 
adorned, why do we not see the stars in the dajr 
as well as the night ? 

Tutor. Because in the day time, the sun's 
>rays are so powerful, as to render those eoming 
from the fixed starji invisible. But if you ever 
bappen to go dawn into any very deep mine, or 
coal-pit, where the rays of the sun cannot reach 
the «ye^ and it be a dear day, you may by look- 
ing up to the heavens, see the stars at noon as 
well as in the night. 
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Charles. If the earth always revolve en its 
axis in 24 hours, why does the length of the days 
and nights differ in different seasons of the year? 

Tutor. This depends/ on other causes con* 
nected with the earth's annual journey rounii 
the sun, upon which we will converse the nexC 
time we meet. 



CONVERSATION XXX. 



or the Annoal Ifotion of the Earth. 

Tutor. Besides the diurnal motion of the 
earth by which the succession of day and night 
is produced; it has another, called its annual 
motion, which is the journey it performs round 
the sun in 365 days, 5 hours^ 4S minutes, and 
49 seconds. 

Charles. Are the difierent seasons to be. Ac- 
counted for by this motion of the earth ? 

Tutor. Yes, it is the cause of the different 
lengths of the days and nights, and consequent- 
ly of the different seasons, viz. Springs Summer, 
Autumn, and Wint^: 



/ 
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It shifts the seaaons, months, and days, ^ 

The short-liv*d off«>ring of revolvmg time ; 

By turnA they die, by turns are born. 

Now cheerful Spring the circle leads 

And strews with flowers the smiling meads ) 

QtLj Summer nest, whom russet robes adorn, 

Aiid waving fields of yellow com ; 

Then Autumn, who with lavish stores the lap of Na- 

tute spreads ; 
Decrepit Winter, laggard in the dance 
(Like feeble age opprest with pain,) 
A heavy season does maintain, 
IVith driWng snows and winds and rain ; 
TiU Spring recruited to advance. 
The various j^ear rolls round again. 

HVSBSS. 

James. How is it known that the earth makes 
this annual journey round the sun ? 

Tutor. I told you yesterday, that tliroughthe 
shaft of a very deep mine, the stars are vifdble 
in the day as well as in the night ; they are also 
viivble in the day time, by means of a telescope 
properly fitted up for the purpose ; by this me- 
thod, the sun and stars are visible at the same 
time. Now if the sun be seen in a line with a 
fixed star, tonlay at any particular hour, it will, 
in a few weeks, by the motion of the earth, be 
found considerably to the east of him : and if 
the observations be continued through the year^ 
we shall be able to trace him round the heaveni 
to the same fixed star from which we set out ; 
consequently, the sun must have made a journey 
round the earth in that time ; or the earth round 
him. 



r ' 



09 THE £ABTH. 169 

Charles. And the sun being a million of times 
larger than the earth, you will say that It is more 
natural, that the smaller body should go round 
the larger, than the reverse. 

Tutor. That Is a proper argument ; but it 
may be stated in a much stronger manner. The 
sun and earth mutually attract one another, and 
since they are in equiKbrio by this attraction, 
you know, their momenta must be equal,* there- 
"fore the earth being the smaller body, must make 
out by its motion what it wants in the quantity 
of its .matter, and, of course, it must be that 
which performs the journey. 

James. But if you refer to the principle of 
the lever, to explain the mutual attraction ojT tiie 
sun and earth, it is evident that both bodies 
must turn round some point as a common tentre. 

TSitar. They do ; and that is tiie common 
centre of gravity of the two bodies. Now this 
point between the earth and sun is within the 
surface of the latter body. 

Charles. I understand how this is ; because 
the centre of gravity between any two bodies, 
must be as much nearer to the centre of the 
larger body than the smaller, as the former con- 
tains a greater quantity of matter than the lat- 
ter. ' 

Tutor. Tou are right : but you will not con- 
clude that, because the sun is a million of times 

• See Conrenntion XIV. p. 73> 
VOL. I.— P 
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larger than the earth, therefore jt eontains a 
quantity 01" ma^r, a million of times greater 
than that contained in the earthy 

James. \% it then known, that the earth is 
composed of matter more dense than that which' 
composes the body of the sun? 

Tutor. The earth is composed of matter four 
time's denser than that of the sqn ; and hence the 
quantity . of matter in the sun is between two 
and three hundred thousand times greater than 
that which is contained in the earth. 

Charles. Then for the momenta of these two 
bodies to be equal, the velocity of the earth must 
be between two and three hundred thousana 
times greater than that of the sun. 

Tutor. It must : and to effect this, the centre 
of gravity between the sun and earth, must be 
as much nearer to the centre of the sun, than it 
is to the centre of the earth, as the former body 
contains a greater quantity of matter than the 
latter : and hence k is found to be several thou- 
sand miles within the surface of the sun. 

James. I now clearly perceive, that since one 
of these bodies revolves about the pther in the 
space of a year, and that they both move round 
their common centre of gravity, that it must, of 
necessity, be the earth which revolves about the 
sun, and not the sun round the earth. 

Tutor. Your inference is just. To suppose that 
the sun moves round the earth, is as absurd as 
to maintain, that a mill-stone could be made to 
move round a pebble. 
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CONVERSATION XXXI 



Of the Seaioiu. 

Tutor. I will now show you how the different 
seasons are' produced by the annuiJ motion of 
the earth. 

James. Upon what do they depend, sir ? 
. ^Thitor. The variety of the seasons depends 
(I,) upon the length of the days and nights ; iind 
' (2,) upon the position of the earth wiui respect 
to the sun. 

CharkB. But if the earth turn round its ima- 
einary axis every B4 hours, ought it not to en- 
joy equal days and nights all the year ? 

Tutor. This would b^ the case if the axis of the 
esrth N s (Plate vi. Fig. 6. ) were perpendicular 
to a line p e drawn through the centres of the sun 
and earth .; for then as the sun always enlight* 
ens one half of the earth foy its rays, and as it is 
day at any given place on the globe, so long as 
tha$ p1.ace .continijies in. the enlightened hemi- 
sphere, every part, except iij^t two poles, must, 
during its rotation on its axis, be one half of its 
time in the light and the other half in darkness : 
or, in other words, the days and nights would 
be equal to al) the inhabitants of the earth, ex- 
cepting to those^ if any, who live at the poles. 
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James. Why do you except the people at the 
poles? 

Thtor. Because the view of the spectator 
situated at the poles n and a^ must be bounded 
by the line c^ e, consequently to him the sun 
would never appear to rise^ or set, but always 
be in the horizon. 

Charks. If the earth were thus aitaated, would 
the rays of the mxn always lall v^ertically to the 
same part of it ? 

TV^tor. They wou](d ; and that part would be 
s « the equator ; and, as we ahiJl presently 
•how, the heat excited by the sun being great^ 
or less in proportion as its rays come more oar 
less perpendicularly upon any body, the parts of 
the earth about the equator would be sc<»rehed 
up, while those beyond tarty or fifty degrees 
on each side of that line and the polesiy would 
be desolated by an unceasing winter : 



-Some sty the tan 



Was bid turn reint from th^ eguinoeiial road 
* Up to tiie Tropic Crab / thenee down amftin 
By Leo, and the Firgbt, and tlie Staho 
As deep as Ct^nieoinh tp brings in change 
Of seasons to each cliine : else had the n>ring 
Perpetual smiPd on earth with verdant flowers^ 
Equal in dajrs and nights, except to those 
Beyond tbe/M&r circles « to them day 
Had unbenigbted shone, while the low sun • 
To recompense his distance, in their sight 
Had rounded still th' horizon. 

Pab. LesT, Book x. 1. 672. 
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Jamt9. Id what manner ia this prevented ? 

Tutor. By the axis of the earth n s (Plate vi. 
Fig. 7.) being inclined or bent about twenty- 
three degrees and a half out of the perpendicu- 
lar as it is described by Milton : 



He bid his angles turn askance 
The poXes of earth twice ten degrees and more 
From the sun's axis. 



In this case you observe, that all the parallel 
circles,, except the equator, are divided into two 
unequal parts, having a greater or less portion of 
their circumferences in die enlightened, than in 
the dark hemisphere, according to their situa- 
tion- with respect to n the north, or s the south 
pole. 

Charles. At what season of the year is the 
earth represented in this figure ? ^ 

Tutor. At our summer season : for you ob- 
serve that the parallel circles in the northern 
hemisphere have their greater parts enlightened 
and their smaller parts in the dark. If d l re- 
pisesent that circle of latitude on the globe in 
which Great Britain is situated, it is evident 
that about two-thirds of it is in the lig^t and on* 
ly one-third in darkness. 

You will rememberthat paralleb of latitude 
are supposed circles on the surface of the earth, 
and are shown by real circles on its repr^senta** 

p 2 
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live the terrestrial globe^ drawn parallel to the 
equator. 

Jame^. Is that the reason why our days to- 
wards the middle of June are sixteen hours 
Ion^9 ^i^d the nights but eight hours ? 

Tutor. It is : and if you look to the parallel 
next beyond that marked d i.^ you will see a 
still greater disproportion between 'the day and 
night, and the parallel more north than Uiis is 
entirely in the light. 

Charles. Is it then, all d^y there? 

Tutor. Tp the whole space between that and 
thie pole it is €o;itinual diay for some time, the 
duration pf which js in proportion to its vicini- 
ty to the pole ; and at the pole there is a per- 
manent day-light for sis months together. 

James. And during that time it must, I sup- 
pose, be nig^t to the people who live at the 
south-pole ? ^ 

TV/or. Ye^y the ^itf'e ^hows tl^t tl^ south- 
pole is in darJiLuess ; ^d yQU may .observe, that 
to the inhabi^nts living ip ^qu^l p^allels of 
latitude, the ((HP^northf aipd the other fputh, the 
length of the days to the one will be always 
equal to the lengtibi .^f the pights tp the other* 

Charles. What then shall we say of those who 
live at the equator^ and consequently who have 
no latitude ? 

Tutor. To them the days and nights are aU 
u>&ys equals .and ^f course twelve hours eiich in 
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lengthy and this is also evident from the figure, 
for in every position of the glohe one half of the 
equator is in the light apd the other half in 
darkness. ' 

James. If^ then, the length of the days is the 
cause of the different seasons, there can be no 
variety in this respect, to those who live \kt the 
equator. 

Tutor. You seem to forget that the chanee in 
the seasons depends upon the position or the 
earth with respect to the sun, that is, upon the 
perpendicularity with which the rays of light fall 
upon any particular part of the earth ^ as well as 
upon the length of days. 

Charles. Does this make any material differ* 
ence with regard to the heat of the sun ? 

Tutor. It does ; let a b (Plate vi. Fig. 8.) 
represent a portion of the earth's surface, on 
which the sun's rays fall perpendicularly ; let 
B c represent an equal portion on which they 
fall obliquely or aslant It is manifest that b c, 
though it be equal to a b, receives but half the 
light and heat that a b does. Moreover, by the 
sun's rays coming more perpendicularly, they 
come with greater force, as well as in greater 
numbers, on the same place* 
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CONVERSATION XXXII, 



Of the Seasont . 

Tutor. Let us now take a view of the earth in 
its annual course round the sun, considering its 
axis as inclined 23i degrees to a line perpendicU* 
lar to its orbit, and keeping, througii its whole 
journey, a direction parallel to itself ; and you 
will find, that according as the earth is in dif- 
ferent parts oi its orbit, the rays of the sun are 
presented perpendicularly to the equator, and to 
every point of th9 globe, within 23^ degrees of 
it both north and south. 

This figure (Plate vi. Fig. 9.) represents the 
earth*in four different parts of its orbit, or as it 
is situated with respect to the sun in the months 
of March, June, September, and December. 

Chdrks. The earth's orbit is not made circu- 
lar in the figure. 

Tutor. No : But the orbit itself is nearly cir- 
cular, but we are, however, supposed to view it 
from the side b p, and therefore, though almost 
a circle, it appears id be a long ellipsis.' All cir- 
cles appear elliptical in an oblique view, as is 
evident, by looking obliquely at the rim of a ba- 
^in, at some distance from you. For the true 
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figure of a circle can only be aeen, when the eye 
is directly over its centre. You observe that 
the sun is not in the centre. 

James, I do; and it appears nearer to the 
earth in the winter^ than in the summer. 

Tutor* We are indeed more than three mil- 
lions of miles nearer to the sun in Decembel' 
than we are in June. 

Ckarks* Is this possible ? and yet our winter 
Is so mmh co^er than the summer^ 

Tutor. Notwithstanding thisy it is a well- 
kipown fact For it is ascertained, that oui: 
summer^ that is^ the time that passes between 
^ vernal and autumnal equinoxes, is nearly 
eight days longer than our winter, or the time 
between the autumnal and veriifd equinoxes- 
Consequently the motion'of the earth is slower 
in the former case than in the latter, and there- 
fore, 9S we shall see, it must be at a greater dia- 
tance from the sun. Ag^in, the sun^s qpparen;t 
diameter is greater in our winter than in sum- 
xner, but the apparent diameter of any object 
increases in prdportion as our distance from the 
object is dimmished, and therefore we conclude, 
that we are nearer the sun iu winter than io 
summer. The sun's apparent diameter in vjrin- 
ter is 32', .47" ; in summer 3>'. .40". 

James. - But if the earth is farther from the 
sun in summer than in winter, why are our win- 
ters so much colder than our summers ? 
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Tutor. Because first in the summeri the sua 
rises to a much greater height above oun hori- 
;Eon, and therefore its rays coming more* perpen- 
dicularly, more of them, as we showed you yes- 
terday, must fail upon the surface of the earth, 
and come also with greater force, which is the 
principal cause of our great summer's heat Se- 
condly, in the summer, the days are very long, 
and the nights short ; therefore the earth and 
fir are heated by the sun in the day, more than 
they are cooled in the night 
' James. Why have we not, then, the greatest 
heat at the time when the days are longest ? 

Tutor. The hottest season' of the year is cer- 
tainly a month or two after this, Which may be 
thus accounted for. A body once- heated doet 
not grow cold again instantaneously, but gradu- 
ally ; now, as long as more heat comes from the 
iuh in the day, than is lost in the night, the heat 
of the earth and air will be daily increasing, and 
this must evidently be the case for some weeks 
after the longest day, both on account of the 
number of rays which falls on a given space, 
and also from the perpendicular direction of 
those rays. 

Jitm^. Will you now explain to us in what 
manner the seasons are produced ? 

Tutor. By referring to the figure (Plate vi. 
Fig. 9.) you will observe, that in the month of ^ 
^une^ the north-pole of the /earth inclines ta- 



' >0F THE SSAS09S. 179 

» « 

wards the san, and coadequeDtly briDgs all the 
northern parts of the globe more into light, than 
at any other time in the year. 

Charles. Then to the people in those parts it 
is summer. 

Tutors it is : but in December, when the earth 
is in the opposUe part of its orbit, the north* 
pole' declines from the spn, which occasions the 
northern plaees to be more in the dark than in 
the light; and the reverse at the southern 
places. 

James. Is it then summer to the inhabitants 
of the southern hemisphere ? 

Tutor. Yes, it is ; and winter to us. In the 
months of March and September, the axis of 
the earth does not incline to, nor decline from, 
the sun, but is perpendicular \o a line drawn 
from its centre. And then the poles are in the 
boundary of light and darkness, and the sun 
being directly vertical to,' or over the equator, 
makes equal day and night at all places. Now 
trace the annual motion of the earth ii^ its orbit 
for yourself, as it is represented in the figure* 

Charles. I will, sir : about the dOth of Marcl^ 
the earth is in Libra, and consequently to its 
inhabitants the Sun will a{q>eftr in Aries,- smd be 
vertical in the equator. 

Tutor. And then the equator and sJ} its pa- 
rallels are equally divided between the light and 
dark. 

Charles. Gonsequently the days and nights ar^ 
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6qual all over the -world. As the earth pursoes 
its journey from March to June, its northern 
hemiBphere conies more into light, and on the 
Slst of that month, the sun is vertical to the 
tropic of Cancer. 

TtUor. And jrou then observe th^t all the 
circles parallel to the equator are unequally di- 
vided; those in the northern half have their 
greater parts in the light, and those in thp south- 
ern haVe their larger parts in darkness. 

CAarles. Yes; and of course it is summer to 
the inhabitants of the northern hemisphere, and 
winter to the southern. 

' I now trace it to September, where I find the 
'sun vertical again to the equator, and of course, 
the days and nights are again equal. And fpl- 
lowing the earth in its journey to December, or 
when it has arrived at Cancer, the sun appears 
in Capricorn ; and it is vertical to that part of 
the earth calleil the tropic of Capricorn, and 
now the southern pole is enlightened, and all the 
circles on that hemisphere have their larger 
parts in light, and, of course, it is summer to 
those parts, and winter to us in the northern 
hemisphere. 

Ihtor. Cati you, James, now tell me why the 
days lengthen and shorten from the equator to 
the polar circles every year? 

James. I will try to explain myself on the 
subject Because the sun in March is vertical 
to the equator, and from tiiat time to the 21st of 
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Jane it becomes vertical successively to all 
other parts of the earth between the equatot 
and the tropic of Cancer, and in proportion as 
it becomes vertical to the more northern parts' 
of the earthi it declines from the southern, and, 
consequently, to the former the days lengthen, 
and to the latter they shorten. From June to 
September the sun is again vertical successively 
to all the same parts of the earth, but in a re* 
verse order. 

Charles. SiAce it is summer to all those parts 
of the earth, where the sun is vertical, and we 
find that the sun is vertical twice in the year to 
the equator, and every part of the globe between 
the equator and tropics, there must be also two 
summers in a year to all those places. 

Tutor. There are ; and in those parts near the 
equator,, they have two harvests every year.-^ 
But let your brother finish his description. 

James. From September to December, it is 
successively vertical to all the parts of the eaSrth 
situated between the . equator and the tropic of 
Capricorn, which is also the cause of the length* 
ening of the days in the southern hemisphere^ 
and of their becoming shorter in the northerii. 

Thitor. Can you, Charles, tell ibe why there 
is sometimes no day or night for some little 
time together within the polar circles ? 

Churlem The sun always shines upon theearl|| 
90 degrees every way, and when he is vertical to 
tjie tropic of Cancer, which is ftZh degrees north 

VOL. I.— Q I 
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of the equator, he muit shine the same numb^ 
of degrees beyond the pole^or to the polar circle, 
and while he thus shines, there can be no night 
to the people within that polar circle; and, of 
course, to the inhabi^ts at the southern polar 
circle, there can be no day at the same time, for 
^s the sun's rays reach but 90 degrees every way, 
they cannot shine far enough to reach them. 

Tutor. Tell me, now, why there is but one 
day and night in the who^e year at the poles? 

Charles. For the reason which I have just giv- 
)Bn, the sun must shine beyond the north-pole all 
the tipfie he is vertical to those parts of the earth, 
situated between the equator, and the tropic of 
Cancer, that is, from Mai^h the 21st, to Sep- 
tember the 20th, during which time there can be 
po night at the north-pole, nor any day at the 
south-pole. The reverse of this may be applied 
to the southern pole. 

James. I understand now, that the lengthen- 
ing and shortening of the days, and different sea- 
sons, are produced by the annual motion of the 
earth round the sun ; the. axis of the earth, in all 

Eirts' of its orbit, being kept parallel to itself, 
ut if thus parallel to itself, how can it in all 
positions point to the pole-star in the heavens? 
Tutor. Because the diameter of the earth's 
orbit A c is nothing in comparison of the dis- 
;tanee of the earth from the fixed staiy. Suppose 
j^ou draw two parallel lines at the distance of 
jthree or four yards from one another, will they 
2 
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not both point to the moon when she is iti th^ 
horizon ? 

James. Three or four yards cannot be ac; 
counted as any thing, in comparison of 240 thou- 
sand niiles, the distance of the moon from us. 

Thtor. Perhaps three yards bear a much 
lO^eater proportion to 240 thousand miles, than 
190 million^^t of miles bear to our distance front 
the polar star* ; 
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Of the E^uition (rf'Time. 
» 

Tutor, You are now, I presume, Acquainted 
with the motions peculiar to this globe on which 
we live ? - , * < 

Charies, Yes : it has a rotation on ^its axis froni 
west to east every 24 hours, by which day and 
night are produced^ and also the apparent diur- 
nal motion of the heaveos'from east to west. 

James. The other is its annual revolution in 
an orbit round the sun, likewise from west to 
east, at the distance of about 95 millions of miles 
from the sun. 
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TSit&Tp You understand aJsOj, in what manner 
this annual motion of the earth, combined with 
the inclination of its axi#, is the cause of the 
variety of seasons. 

We will therefore proceed to investigate an* 
<»ther curious subject, viz. the equation of time, 
imd to explain to you the difierience between 
fqu4il and apparent time. 

Charles. Will you tell us what you mean by 
the word^ equal and apparent, as applied to 
time? 

Tut&r. Equal time is measured by a cloekf 
that is supposed to- go without any variations^ 
and to measpre exactly 24 hpurs from noon to 
noon. And apparent time is measured by the 
apparent motion pf the sun in thp heavens, or 
by a good sun-dial. 

CharkSf And what do you mean, sir, by tbi( 
equation i^ time? 

Tutor. It ia the adjustment of the difference 
of time^ as sbpwn by a w^l^r€|^Iated clock and 
fk true aun-dial* 

Jam^f ' Upon what does ilils difference de« 
pend ? 

T\ttor. It depends ^r^/, upon the inclination 
of the earth's, axia. ^ And secondly upon the el*- 
liptic form of the earth's orbit ; for, as we havi^ 
already seen, the earth's orbit being an ellipse^ 
its motion is quicker when it i^iti per iheliony or 
nearest to the sun f and slower when it is in 
aphelioni or farthest from the sun. 

CharleSf But I do not yet comprehend what 
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the rotation of the earth has to do with the going 
of a clock Of watch. n 

. Tutor, The rotation of the earth is the moat 
equable and uniform motion in nature, and is 
completed in 23 hours, 5% minutes, and 4 se* 
conds ; this space of time is caUed a sidereal d^Ljy 
because any meridia^n on the earth will revolve 
from a fixed star to that star again, in this time. 
But a sofar or natural day, which our clocks are 
intended to measure, is the tlnie which any me- 
ridian on the earth will take in revolving from 
^e sun to the sun again, which is about 24 hours^ 
sometimes a little more, but generally less. • 

James. What occasions this difference be- 
tween the solar and sidereal day ? - 

Thiior. The distance of the fixed stars is so 
great, that the diameter of the earth's orbit, 
though 190 millions of miles, when compared 
with it, is but a point, and therefore any meridian 
on the earth will revolve from a fixed star to that 
star again in exactly the same time, as if ithe 
earth had only a diurnal motion, and remained 
alwaysr in the same part of its orbit But with 
• respect to the sun, as the earth advances almost 
a degree eastward in its orbit, in the same time 
that it turns eastward round its axis. It must 
make more than a complete rotation before it 
can come into .the same position with the sun that 
it had the day before. In the same way, as when 
^both the hands of a watch or ck>ek set off toge* 
ther, at twelve o'clock, the minute-hand must 

q2 



travel more thao a whole eirde before it will 
overtake the hoar-hand, that is, before they will 
be in the same relative positioo again. Thus the 
•idereal days are shorter than the ^lar ones by 
about fpur minutesi aa is evident from observa- 
^on: 

Watch \vit1i nice eye the earth*s diurnal way, 
Markii^ her talar ami aidereal d^y ; 
Her sloMT nutation* ami her rarying cUme, 
▲od trace wiU> qninuc art the march of tiiile. 

BoTAiric Gabdek, 

Charks* Still I do not ondentand the reason 
why the clocks and dials do not agrees 

Tutor, A .good clock is intended to measure 
that equable and uniform, time which the rota- 
tion of the earth on its axis exhibits. Whereas 
jfche dial measures time by the apparent motion of 
the sun, whichi as we have explaioedy is subject 
to variation.. Or thus : though the earth's mo- 
tipn on its axis be perfectly uniform, and conse- 
quently the rotation of the equator ^ the plane of 
which is perpendicular to the axis, or of any 
other circle parallel to it, be likewise equable, 
yet we measure the length of the natural day by. 
means of the sun, Virhoae^zpparent annual motion 
|s not in the equator, or any of its parallels, but 
pi thft ecliptic, which is oblique to it 

James. Do you mean by this that the equator 
pf the earth, in its annual journey, is not always 
directed towards the centre of the sun ? 

T^t^r. I do: twice, only in the year, a line 
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drawnr from the centre of the sun to t(iat of the 
earth passes through those points where the 
equator and ecliptic cross one another; at all 
other times; it passes through some other part 
of that obh'que circle, which is represented on 
the globe by the ecliptic line. Now when it 
passes through the eqoatoi^^ or the tropics^ which 
are circles parallfi) to the equator, the sun and 
the clocks go together as far as regards this 
cause, but at other times they differ, because 
tf^ua/ portions of the ecliptic pass over the meri- 
dian in une^Ufsif part9 of time on account of its 
obliquity^ 

Charles. Can you explain this by a figure ? 

Tutor, It is easily shown by the globe which 
this figure ^ v ^s (Plate vi. Fig. 10.) may re- 
present; V *% will be the enuator, V «5 a the 
northern half the ecliptic, and ^1^ ^ the south- 
ern half* Make chalk or pencil marks a, 6, c, £/, e, 
fygj A, all round the equator and ecUptiCy^i equal 
distances (suppose $0 degrees) from each otheri^ 
beginning at Aries. Now by turning the globe 
on its fllxis, you will perceive that all the marks 
in the first quadrant of the ecliptiCi that is, from 
Aries to Cancer, fpme sooner to the brazen me- 
ridian than their correi^nding marks on the 
equator: — those from the beginning of Cancer to 
Libra come later: — ^thpse from Capricorn soon- 
er :— -and those from Capricorn to Aries later* 

Now time as measured by the sun-dial is re* 
presented by the marks on the ecliptic; that 
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measured by ft good clock, by those on the 
equator. 

Charles. Then while the min is in the first 
and third quarters, or what is the Isame thing, 
while the earth is travelling through the second 
and fourth quarters, that is, from Cancer to Li* 
bra, and from Capricorn to Aries, the sun is 
faster than the docks, and while it is travelling i 
the other two quarters it is slower. 

Thitor. Just so: because while the ^rth is 
travelling through the second and fourth qua- 
drants, equal portions of the ecliptic come sooner 
to the meridian than their corresponding parts 
of the equator : and during its journey through 
the first and third quadrants, the equal parts of 
the ecliptic arrive later at the meridian than 
their corresponding parts of the equator. 

James. If t understand what you have been 
saying, the dial and clocks ought to agree at 
the equinoxes, that is, on the 20th of March, and 
the 23d of September, but if I refer to the Ephe- 
ineris, I find that on the former day (1809) the 
clock is 8 minutes before the sun : and on the { 
latter day the clock is almost 8 minutes behind 
the sun. 

Tutor. If this difference between time mea- 
sured by the dial and clock depended only pn the 
inclination of the eardi's axis to the plane of Its 
orbit, the clocks and dials ought to be together 
at the equinoxes, and also on the 2l8t of June 
and the 2 1st of December, that is^ at the sum- 
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mer.and winter solstices ; because, on those days^ 
the apparent revolution of the syn is parallel to 
the equator* But I told you there was another 
cause why this difference subsisted^ 

Charles. You did : and that was the elliptic 
form of the earth's orbit 

7\i/pr. If the earth's motion in its orbit were 
uniform, which it would be if the orbit were cir- 
cular, then the whole difference between equal 
time as shown by the clock, and apparent tima 
as «b9^n by the sun, would arise from the in^ 
elination of the earth's axis. But this is not the 
ease ; for the earth tn^yels, when it is nearest the 
Mil, that is, in the winter, more tfian a degree 
in 24 houTBf and when it is farthest from the 
mn, that is, in summer, less than a degree in 
the same timer consequently from this cause 
the natural day would be of the greatest length 
when the earth was nearest the sun, for it must 
tpntinae turning the jiongest time after an entire 
rotation, in* order to bring Uie meridian of any 
place to the sun again: and the shortest day 
would be when the earth moves the slowest in 
her orbit . Now these inequiilities, combined 
with those arising from the inclination of the 
earth's axis, make up that difference which is 
shown by the equation table, found in the £phe« 
pnerisi between good clocM gpd truo sun^-^is^l** 
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CONVERSATION XXXIV. 



of Leap Year. 

James. Before we quit the sul>ject of time^ 
will you give us some account of what is called 
in our almanacs Leap- Year? 

JHjLtor. I will. The length of our year isy as 
you know, measured by the time which the earth 
takes in performing her journey round the miOy 
in the same manner as the length of the day is 
measured by its rotation on its axis. Now, to 
eompute the exact time taken by the earth in its 
annual journey, was a work of considerable diffi- 
culty. Julius Caesar was the first person wha 
seems to have attained to any accur^y on this 
subject 

bkarkfi. Do you mean the first Roman empe- 
ror, who landed also in Great-Britain? 

Tkiior. I do* He was not less celebrated as 
a man of science, than he was renowned as a 
general : of him it was said, 

*. 

Aifedst the hun^ of tumultuoas war. 

The stars, the gods, the heavens were still his care ; 

Nor did bis skill to fix the rolling yeVj 

loferior to Eudozus's art appear. 
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Julias Caesar, who w^s well acquainted with the 
learning of Uie Egyptians, fixed the fength of 
the year to be 365 days and six hours, which 
made it six hours longer than the Egyptian year. 
Now, in Order to allow for the odd six hours in 
each year, he introduced an additional day every 
fourth year^ which accordingly consists of 366 
days, and is called Zei](p-Tear, while the other 
three have only 365 da^s each. From hitn it 
was denominated the Julian year. 
. James. It is also called Bissextile in the AI« 
manacs : what does that mean ? 

Tutor. Th% Romans inserted the intercalary 
day between the 03d and 24th of February : and 
because the j33d of February, in their calendar, 
was called sexto calender Martiij the sixth of 
the calends of March ; the intercalated day was 
called bis sexto ccUendas Martiiy the second 
sixth of the calends of March, and hence the 
year of intercalation had the appellation of J3i9« 
sextile. This day was chosen at Rome, on ac^ 
count of the expulsion ef Tarquin ' from the 
throne, which happened on the 23d of February. 
We introduce, in Leap- Year, a new day in the 
same month, namely, the 29th. 

Charles, Is there aory rule for knowing what 
year i& Leap^Year ? 

Tutor. It is known by dividing .the date of the 
year by 4, if there be no remainder, it is Leap* 
Year; thus 1799 divided by 4, leaves a remain- 
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der of 3, showiiig that it is the 3d' year after 
Leap-Year. Theae two lines co&tiia the rule : 



Divide by 4 ; vbaf 8 kft flhall be 
For Leap-Tear ; for past 1, 2, 3. 

James. The year, however, does not consist 
of 365 days and 6 hoors, but of 365 days, 5 
hours, 48 minutes, and 49 seconds. * Will not 
this occasion some error? 

Thitor* It will ; and by subtracting the latter 
number from the former, you will find that the 
error amounts to 11 minutes and II seconds ere^ 
ry year, or to a whole day in about 130 years : 
notwithstanding this, the Julian year continued 
to be in general use till the year 158S, when Pope 
Gregory XIIL undertook to rectify the error, 
which, at that time, amounted to ten days. He 
accordingly commanded the ten days between 
the 4th and 15th at October in that year to be 
suppressed, so that the 5th day of that month 
was called the 15th. This alteration took place 
throu^ the greater part of Europe, and the year 
was afterwards called the Ore^rian year, or J 
New Sij^le. In this country, the method of ' 
reckoning, according to the New Style, was ilot 
admitted into our calendars until the year 1752, 
when the error amounted to nearly 11 days^ 
which were taken from Uie month of September, 
by calling the 3d of Aat month the 14tb. 

« 

* See ConvemtiaD XXX. 



OFLSAPTSAB. 193 

• 

Charles. By what xn^ans will this accuracy 
be maintained ? 

Tulor. The error amounting to one whole 
day in abont 130 yeara, it is settled by an act 
of parliament, that the year 1800 and the year 
1900, which are, according to the rule just giv- 
en, LeapYears, shall be computed as cominon 
years, having only 365 days in each : and that 
every ybiir hundredth year afterwards should be 
eommon years also. If this method be adhered 
to, the present mode of reckoning will not vary 
a single day from, true timi, in less than 5000 
years. 

By the same act of parliament, the legal be* 
ghning of the year was changed from the S6th 
of March to the 1st. of January. So that the 
succeeding months of January, February, and 
March, up to the 24ih dav, which would, by the 
Old Style, have been reckoned part of the year 
1759, were accounted as the first three months 
of the year 1753. Hence we sometimes see 
such a date as this, Feb. 10, 1774--5, that is, 
according to the Old Style it was 1774, but ac- 
cording to the New it is 1775, because now the 
year begins in January instead of March. 
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194 A8TB0K0MT. 



CONVERSATION XXXV. 



Of the Moon. 

Tutor. You are now, geatlement acquainted 
with the reasons for the division of time into 
^ays and years. 

Charles. These divisions have their founda- 
tion in nature, the former depending upon the 
rotation of the earth on its axis ; the kttter upon 
its revolution in an elliptic' orbit about the son 
as a centre of motion. 

James. Is there any natural reason for the 
division of years into weeks, or of days into 
hours, minutes, and seconds ? 

Tutor. These divisions were indented entire* 
ly for the convenience of mankind, and are ac^ 
cprdingly different in different countries. There 
is, however, another division of time m9rked 
out by nature. 

Charles. What is that, sir ? 
^ Tutor. The length of the month : not indeed 
that month which consists of four weeks, nor 
that by which the year is divided into twelve 
parts. These are both arbitrary. But by a 
month is meant the time which the moon takes 
in performing her journey round the earth : 

Then mark'd astronomers with keener eyes 
The moon's refblgfent jeumey throu|fh the skies. . 

DA»wnr. 
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James* How many days does the moon take 
for this purpose ? . . 

Tkitor. If you refer to the time in which the 
moon revolves from one point of the heavens to 
the same point again, it consists of 27 days, 7 
hours, and 48 minutes, this is called the periodi- 
cal month : but if you refer to the time passed 
from new moot> to new moon again, the month 
consists of 29 days, 12 hours, and 44 minutes,, 
this is called .the synodical month. 

Charks. Pray explain the reason of this dif- 
ference. 

^ 7\ttor. It is occasioned by the earth's annual 
motion in its orbit. Let us refer to eur watch 
as an example. The two hands are together at 
12 o'clock ; now when the minute-hand haa 
made a complete revolution, are they together 
again? . 

JameSi. No ; for the hour-hand is advanced 
the twelfth part of its revolution, which in order 
that the other may overtake, it must travel five 
minutes more than the hour. 

Tutor, And something more, for the hour- 
hand does not wait at the figure I, till the other 
comes up : and therefore they will not be toge- 
ther till between 5 and 6 minutes after one. 

Now apply this to the earth and. moon, sup^ 
lK>se (Plate vii. Fig. 11.) s to be the sun ; t the 
earth in a part of its orbit q t ; and e to be th« 
position of the moon ; if the earth had no mo- 
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tion, the moon would move round ilB orbit x h .c 
ioto the. position £ again, in 27 days, 7 hours, 
43 minutes ; but while the moon is describing 
her journey, the esrth has passed through near- 
ly a twelfth part of her orbit, which the moon 
must also describe before the two bodies come 
again into the same position that they before 
held with respect to the sun : this takes up so 
much more time as to make her synodical monrth 
equal to 29 days, 12 hours, and .44 minutes ; 
hence the foaodation of the division of time into 
months. 

We will now proceed to* describe some other 
{Mirticulars relating to the moon, as a hody de- 
pendidg, like the earth, on the i^un for her light 
And heat 

Charles, Does the moon shine with a borrow* 
ltd light only ? , 

Tkitar. This is certain ; for otherwise^ if Kke 
the SUB, she were a luminous body, she would 
always riiine wiUi a full orb as the sun does : 



-Leas btig'ht the mooiif 



But opposite in lerelM west wu set. 

His mirror, with ttill face borrowing her light 

From him, for other fights shje needed noiie. 

Her diamet^ is nearly £200 miles in length. 

James. And I remember she is at the dis* 
tance of f 40,000 miles from the earth. 

Tutor. The sun s (Plate VII. Fig. II.) always 
enlightens one haif of the moon e, and its whole 
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miightened hemispherey or a part of it, or hone 
at ally 18 seen by us, according to her different 
positions in the orbit with respect to the earthy 
for only those parts of the enlightened half of 
the moon are visible at t, which are cut off 
by^ and are urithin the orbit 

James. Then when the moon is at s, no part 
of its enlightened side is visible to the earth. 

Thitm:. You are right : it is then new moon, 
or ctuingej for it is usual to call it new moon the 
first day it is visible to the earth, which is not 
till the second da^ after the change. And the 
moon being in a line between the sun and earth, 
they are said to be in conjunction. 

Charles. And at a all the illuminated hemi- 
sphere is turned to the eartli. 

Tutor. This is called full moon ; and the 
earth being between the sun and moo9> they are 
said to be in opposition. The enlightened partJ 
of the little figures on the outside of tho orbit, 
represent the» appearance of the moon as seen by 
a spectator on the earth. 

James. Is the little figure then opposite e 
wholly dark to show that the moon is invisible* 
at change? 

TTuior. It is ; and when it is at f a smaller 
part of the illuminated hemisphere is urithin the 
moon's orbit, and therefore to a spectator on the 
earth it appears homed : at a one half of the en- 
lightened hemisphere is visible, and it is ^id to , 
be in quiadrature; at h three*fourths of the en- 

r2 
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lightened part is visible to the earthy aod it it 
then said to hegibbcw : and at a the enb'ghte&r 
ed face of the moon is turned to the earthi and it 
is said to he/uli. The same may be said of the 
rest 

T^e horns of the nHoon before eonjunetion or 
new moon^ are turned to the eiMt: after eonjune- 
tion they are turned to the west How beauti* 
fully is the moon described by Milton : 



-till the mooHt 



Rising in clouded majesty, at length, 
Apparent ^tieeh unveird her peerless light, 
Jknd o*tit the night her silver nantle threw. 

Book ir. line 606, 

^ Charles, I see the figure is intended to show 
that the moon's orbit ia elliptical ; does she also 
turn upon her axis ? 

7^/or. She does ; and she requires the same 
time for her diurnal rotation^ as she takes in 
completing her revolution about tbe earth ; and 
consequently though every part of the moon is 
successively presented to the ^un^ yet the same 
hemisphere ia always turned to the earth* This 
is known by observation with good telescopes* 

James. Then the length of a day and night in 
the moon is equal to more than twenty-nine days 
and a half of ours. 

2Wor* It is so : and therefore aa the length 
of her year^ which is measured by her journey 
round the mn, is equal to that of ouns she can 
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hav^but about twelve days and one-third in a 
year. Another remarkable circumitance relating 
to' the moon^ ia that the hemisphere next the 
earth is never in darkness, for in the position b 
when it is turned from the sun, it is illuminated 
by light reflected from the earth, in the same 
jnanner as we are enlightened by a Akil moon. 
JBut the other hemisphere of the moon has a 
fortnight's light and darkness by turns. 

Charles. Can the earth, then, be considered 
us a Satellite to the moon ? 

7\iior. It would, perhaps, be inaccurate to 
denominate the largcfr body a satellite to the- 
smaller, but with regard to affording reflected 
light, the earth is to the moon, what the moon is 
to the earth, and subject to the same changes of 
iiomedr gibbous, full, &c. 

Charles. But it must appear much larger than 
the moon. 

Tulor. The earth will appear to the inhabi- 
tants of the moon, about 13 times tfs large as 
the«moon appears to us. When it is neio moon 
to us, it is full earth to them, and the reverse. 

James, Is the moon then inhabited as well as 
the earth ? 

Thitor. Though we cannot demonstrate this 
fact, yet there are many reasons to induce us to 
believe it ; for the moon is a secondary planet 
of considerable size ; — its surface is diversified 
like that of the earth, with mountains and val* 
leys ;— 'the former have been measured by Dr. 
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Herschely and some of tiiem found to be about a 
mile in heisfat The situatibn of the moon, with 
respect to the son, is much like that of the earthy 
and by a rotation on her axis, and a small incli* 
nation of that axis to the plane of her orbit, she 
enjoys, though not a considerable, yet an agree- 
able ▼flft'iety of day and night and of seasons. To 
the moon, our globe appears a capital satellite^ 
undergoing the same changes of illuminatioa as 
the moon does to the earth. The sun and stars 
rise and set there as they do here, and heavy 
bodies will fall on the moon as they do on the 
earth. Hence we are led to conclude that, like 
the earth, the moon also is inhabited. Dr. Her* 
,schel discovered some years ago three volcanoes 
all burning in the moon ; but no large seas or 
tracts of water have been observed there, nor is 
the existence of a lunar atmosphere certain. 
Therefore her inhabitants must materially differ 
from tihose who live upon the earth. 
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CONVERSATION XXXVII 



Of Ellipses. 

Charles. Will you, sir, explain to us the na* 
ture and causes of eclipses? 

Tutor. I will, with great pleasure. You must 
observe, then, that eclipses depend upon this 
simple principle, that all opaque or dark bodies 
when exposed to any lights and therefore to the 
light of the sun, cast a shadow behind them in 
an opposite direction. 

. Junie9^ The earth being a body of this kind 
must cast a very large shadow ojd its side which 
if opposite to the sun. 

Tutor. It does : and an eclipse of the moon 
happens when the earth t (Plate vii. Fig. 12.) 
passes between the sun s and the moon m, and it 
is occasioned by the earth's shadow being cast 
en the moon. 

Charles. When does this happen ? 

Tutor* It is only when the moon is full or in 
opposition^ that it comes witliin the shadow of 
the earth. 

James. Eclipses of the moon, however, do 
not happen every time it is full : what is the 
reason of this ? 
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J\iior. Beeauae the orbit of the moon does 
not*coincide with the plane of the earth's orbit, 
but one half of it is elevated about five degrees 
and a third above it, and the ottier half is as 
much below it; and therefore, unless the full 
moon happen in or near one of the nodes, that is, 
in or near the points in wfaieh the two orbits in* 
tn'sect each other^ she will pass above or below 
the shadow of the earth, in which case, there can 
be no eclipse. 

Charles. What is the greatest distance from 
the node, at which ^n eclipse of the moon can 
happen? 

Tutor, Thcjjpe can be no eclipse, if the moon, 
at the time when she is full, be more than 12 
degrees from the node; when^she is within that 
distance, there Will be 2^ partial or total ecllpsef 
according as a part, or the whole disk or face of 
the moon falls within the earth's shadow. If the 
ieclipse happen exactly when the moon is full in 
the node, it is called a central eclipse. 

James. I suppose the duration of the eclipse 
lasts all the time that the moon is passing through 
the shadow. ' 

TSitor. It does: and you observe that the 
shadow is considerably wider than the moon's 
diameter, and therefore an eclipse of the mooil 
lasts sometimes three or four hours. The shadow 
also you perceive is of a conical shape, and con- 
sequently, as the moon's orbit is an. ellipse and 
Dot a circle, the moon will, at different times, be 
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eoltpaed when she it at diflferent distances from 
the earth. 

Charles. And according as the moon is nearer 
to, or farther from the earth, the eclipse will be 
of a greater or less duration, for the shadow 
being conical, becomes less and less, as the 
distance from the body by which it is cast is 
|;reater. 

. TV^or. It is by knowing exactly «t what dis^ 
tance the. moon is from the earth, and of course 
the width of the earth's shadow at that distance, 
that all eclipses are calculated with the greatest 
accuracy, for many years before they happen. 
'Now, it is found that in all edipses, the shadow 
of the earth is conical, which is a demonslara* 
tion, that the body by which it is projected is of 
a ^hei;ieal form, for no other sort of figure 
would, in all pontions, cast a conical shadow. 
This is mentioned as another proof, that the 
eartii is a spherical body. 
' James. It seema to me to prove another thing, 
cviz. tiiat the sun must be a larger body than the 
earth. 

' 7\i/or. Tour conclusion is just, for if the two 
bodies were eqtial to one another (Plate yir. 
Fig. IS.) the shadow would be cylindrical : 
and if the earth were thelarger body, (Plate vii. 
Pig. 14.) its riiadow would be bf ihe^ figure of a 
cone, which had lost its vertex, and the farther 
•it were extended- the larger wouM it become. In 
either case the shadow would Ton oat to an infi- 
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tiite spueiBf and aecordingly muflt flometitifiefl i{i* 
Tolve in it the other planets^ and eclipse then^ 
which is contrary to fact Tfa^feforey since the 
earth is neither larger than, nor equid to the sui^ 
it must be the lesser body. We will now proceed 
to the eclipses of the sun.. 

C harks. Ho ware these occasioned? 

Jkitor, An eclipse of the sun happens whet' 
the moon m, p&s^ing between the stm s and the 
earth t (Plate vii. Fig. 15.) intercepts the sun's 
light . 

Jarnes. The sua then can be eelipsed paly at 
the new moon. 

Thior. Certainly; for it is only when the 
moon is in ooiyuntti&n that it can pass directly 
between the sun and earth. 

Charles. It is only when the moon at her con* 
junction, is near onenof its nodes^ that there can 
be an eclipse of the sun ? 

Tutor. An eclipse of the sun depends upon Ilia 
circumstance : for unless the ii»>on is in, or near 
one of its nodesi she cannot appear in the same 
plane with the sun, or seem to pass over his disk* 
In every other part of the orbit she will appear 
above or below the sun. If the moon be in one 
of the nodes, ahe will, in inost cases, cover the 
whole disk of the sun^and produce a^o/irfeclipae; 
if sh£ h6 any wfa^^ whhin about 16 degtfeea of 
a: node, k partial eclipse will be produced. 

The aun's diameter is supposed to be divided 
iftio 12 equal: parts, oailed digits^ and in every 
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partial edipie, as many df these parts of the 
son's diameter as the moon covers^ so many di«> 
gits are said to be eclipsed. 

James, I have heard of annt^/ar eclipses, what 
arethey, sir? 

Tutor. When a f ing of light appears round 
the ed^ of the moon dnriog an eclipse ef the 
sun, it 18 said to be annular, from the Latin word 
annulu9f a ring: these kind of eclipses are occa- 
sioned by the moon beiag at her greatest dis* 
tance from the earth at the time of an eclipse, 
because in that situation the vertex or tip of the 
cone of the moon*s shadow does not reach the 
surface of the earth. 

Charles. Hpw long can an eclipse of the sun 
last? 

T^^^pT. A totel eclipse of Uie sun is a very 
curious and uocooitt^ qieetade : and total 
darkness cannot last more than three or four 
minutes. Of one that was observed in Portu- 
gal, 150 years ago, it is said that the darkness 
was greater than that of the night: — that stars of 
the first magnitude made their appearance;-^ 
and that the birds were so terrified that they fell 
to the ground. 

James. Was this visible only at Portugal ? 

Tutor, It must have been seen at other places, 
though we have no account of it The moon, 
however, being a body much smaller than the 
earth, and having also a conical shadow, can 
with that shadow only cover a small part of the 
VOL. I. — s 
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earth : whereas an eclipse of the moon^ may be 
seen by all those that are on the hemisphere 
which is turned towards it. /(See Plate vik 
Fig. 15 and 12.) 

You will also observe, that an eclipse of the 
sun may be total to the' inhabitants near the 
middle of the earth's disk, and annular to those 
in places near the edges of the disk, for in the 
former case the moon^s shadow will reach the 
earth, and in the latter, on aecoant of the earth's 
sphericity, it will not^ 

Charles. 'Have not eclipses been esteemed at 
omens presaging some direful calamity ? 

T\itor. Till the causes of these appearances 
were discovered, they were generally beheld 
with terror bv the inhabitants of the world, 
which is beautifully alluded to by Milto%iii the 
first' book of Paradise Lost, line 594 f 



-As whefi the tun, new risen. 



Ijooks through the horizontal misty air 
Shorn of his heams, or from behind the moon. 
In dim eclipse, disastrous twilight sheds 
On half the nations, and with fear of change 
Perplexes monarchs. 



V 
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CONVERSATION XXXVIL 



of the Tides. 

Tutor. We will proceed to tbe conaideratioa 
of the HdtSf or the flowing and ebbing of the 
ocean. 

Jamtk. Is this subject connected with astro- 
nomy ? 

'Tatar. It is, inasmach as the tides are occa- 
sioned by the atti^ction of the sun and moon 
upon the waters, but more particularly by that 
of the latter. You will readily perceive that the 
tides are dependent upon some known and de« 
terminatelaws, because, if you turn to the Ephe*^ 
meris, or indeed to almost any almanac, you will 
see that the exact time of high water at London- 
bridge for erery day in tbe year is set down. 

Charles. I hay& frequently wondered how this 
could be known with such a degree of accuracy: 
indeed there is not a waterman that plies at the 
Stairs, but can readily tell when it will be high 
water. 

Tutor. Tbe generality of tbe watermen are 
probably as ignorant -as yourself of the cause 
by which the waters flow and ebb, but by expe«- 
rience they know that the time of high water 
difiers on each day about three quarters of an 
bouiTy or a little more or less^ and therefore if it 
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be l^gh water to-day at six o'clock, they ivill, 
at a guess, tell you, that to-moirow the tide will 
not be up till a quarter before seven. 

James, Will you explain the causes? 

Tutor. I will endeavour to do this iu an easy 
and concise manner, without fatiguing your me- 
mory with a great variety of partioawtr : 

The ebbs of tide% and their mysterious flow, 
Wey as art's elements^ shall understaiid. 

i>BKDIir. 

You must bear in your mind then, .thai' the 
tides are Qceasiooed by the attraction of the sail 
and moon upon the waters of the earth : perhapa 
' a figure may be of some aanstance to you. Let 
a p 1^ n (Plate vn. F^. 16.) be supposed the 
earth, c its centre ; let the dotted circle repre- 
sent a mass of water covering tike earth : let m 
be the moon in its orbit, and s the sun. 

Since the force of gravity. or attraction dimi* 
iiishes as the squares of the distances increase,* 
the waters on the side a are more attracted by 
the moon m, than the central pai^ at e ; and the 
eentral parts are more attracted nian the waters 
at L ; consequently the waters at l will recede 
from the centre; therefore while the moen is in 
the situation m,. the waters will rise towards a 
and h on the opposite sides ef the earth. 

Ckarks. You mean that the waters will rise 

•S«« p. 37. 
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at a hy the immediate attraction of the moon m^ 
and will rise at by by the centre c receding, and 
leaving them more elevated there. 

Tutor, That is the explanation. It is evi- 
dent that the quantity of .water being. the same, < 
a rise cannot take place at a and d, .without the 
parts at v and n being at the same time de- 
pressed. ^ 

James. In tl^ situation the water may be 
considered as partaking of an dval form. 

Tutor. If the earth and moon were without 
motion, and the earth covered all over with wa- 
ter,*the attraction of the moon would raise it up 
in a heap in that part of the ocean to which the 
moon is vertical, and there it would always eon« 
tiniie; but by the rotation of the earth on its, 
axis, each part of its surface to which the moon 
is vertical is presented twice a day to the action 
of the moon, and thu3 are produced two ^oods 
and two ebbs ; 

Alternate tides In sacred order run. 

BLACXMOai. 

Charles. How t^iee a day ? 

Tutor. In the position of the earth atd moon 
as it is in our figure, the waters are raised at ▲ 
by the direct attraction of the moon, and a tide 
is accordingly produced : but «when, by the 
earth's rotation, a comes, 12 hours afterwards^ 
into the position l, another tide is occasioned^ 

%2 



by the receding of the waters there from the 
eentre. 

James, You have told iis that the tides are 
produced in those parts of the earth to which 
, the moon is vertical, but this effect is not con- 
lined to those parts. 

Tutor.' It is not, but there the attraction of 
the moon has the greatest effect; in all other 
.parts her force is wisaker, because it acts in a 
more oblique direction. 

Charles. Are there two tides in every 24 
hours? 

Tlitor, If the moon were stationary ^ this 
would be the case i but because that body is also 
proceeding every day about 13 degrees from 
west to east in her oi^bit, the earth must make 
more than one revolution on its axis before the 
same meri4ian is in conjunction with the moon, 
and hence two tides take place in about ^4 
hours and 50 minutes. 

Jamts. But I remember when we wf re at the 
sea, that the tides rose higher at some seasons 
than at others ; how do you account for this ? 

Tutor. The moon goes round the earth in an 
elliptic orbit, and therefore she approaches 
nearer to the earth in some parts of her orbit, 
than in others. When she is nearest, the at* 
traction is the strongest, and conaequendy it 
raises the tides most: and when she is farthest 
from theearUi, her attraction is tibe least, and 
^he tides the lowest 
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. James. Do they rise to different heights in 
different places? 

'Z\*/(?r. They do: in the Black-Sea and the 
Mediterranean the tides are scarcely percepti- 
ble. At the mouth of the Indus the water rises 
and falls full 30 feet. The tides are remarjsia- 
bly high on the coast of Malay^ in the Straits of 
Sunda, in the Red-Sea, along the eoast of Chi« 
na, Japan, &c In general the tides rise highest 
and strongest in those places that are narrowest 

Charles. You said the sun's attraction occa- 
sioned tides as well as that of the moon. 

Tkitor. It does: but owing to the immense 
distance of the sun from the earth, it produces 
but a small effect in comparison of the raoon'r 
attraction. Sir I^aac Newton computed, that 
the force of the moon raised the waters in the 
great ocean 10 feet ; whereas that of the sun 
raised it oi)ly two feet When both the attraction 
of the sun and moon act in the same direction, 
that is,. at new and full moon, the combined 
forces of both raise the tide 12 feet: But when 
the moon is in her quarters, the attraction of 
one of these bodies raises the water, while that 
of the other depresses it; and therefore the 
smaller force of the sun must be subtracted from 
that of the moon, consequently the tides will be 
no more than 8 feet The highest tides ar& 
called springtides, and the lowest are denomi- 
nated neap-tides. 

James. I understand that in the former case^ 
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the height to which the tides are raised must be 
calculated by adding together the attractions of 
the sun and moon; and in the latter, it must*be 
estimated by the difference of these attractions.' 

Thitor. You are right When the sun and 
noon are both vertical to the equator of the 
earthy and the moon at her least distance from 
the earth, then the tides are highest. 

Charles. Do the highest tides happen at the 
Equinoxes? 

Tuior. Strictly speaking, these tides do not 
happen till some little time after, because in this, 
as in other cases, the actions do not produce the 

freatest effect when theyl are at the strongest, 
ut some time afterwards : thus the hottest part 
of the day is not when the sun is on the meridi- 
an, but between two and four o'dock in the af- 
ternoon.'-^Another circumstance must be taken 
into consideration : the sun being nearer to the 
earth in winter than in summer, it is of course 
nearer to it in February and October, than in 
March i3in4 September ; and therefore all these 
things being put together, it will be found that 
the greatest tides happen a little before the ver- 
nal, and some time after the autumnal EJqui- 
noxes. 
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CONVERSATION XXXVtiL 



of the Harvest Moon. 

7\itor. From what we said yesterday, yoi| 
will easily uaderstaod the reason why the moon 
rises about three quarters of an hour later every 
day than on the one preceding. 

Charles. It is owing to tJhe daily progress 
which the moon is making in her orbit, on 
which account any meridian on the earth must 
make more than one complete rotation on its 
axis, before it comes again into the same situa* 
tion with respect to the moon that it had'before. 
And you told us that this occasioned a differ- 
ence of about 50 minutes. 

Thitor. At the equator this is generally the 
difference of time between the rising (^ the moon 
on one day and the preceding. But in places of 
considerable latitude, as tha^ in which we live^ 
there is a remarkable difference about the time 
of harvest, when at the season of full moon sha 
rises for several nights together only about 20 
minutes later on the one day than on that iTnme** 
diately preceding. By thus succeeding the sun 
before the twilight is ended, the moon prolongs 
thp. light, to the great benefit of those who are 
engaged in gathering in the fhiits of the earth : 
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and hence the full moon at this season is called 
the harvest nnooo. It is believed that this was 
observed by persons engaged in agriculture, at 
a much earlier period than it was noticed by 
astronomers; the former ascribed it to the 

fpodness of the Deity, not doubting but that 
e had so ordered it on purpose for their ad- 
vantage. 

James. But the people at the equator do not 
enjoy this benefit 

Tutor* Nor is It necessary that they should, 
for in those p^rts of the earth, the seasons vary 
but little, aiid the weather changes but seldom, 
and at stated times : to theni, then, moon*]ight 
is not wanting for gathering the fruits of the 
earth. 

Charles, Can you explain how it h^ippens, that 
the moon at this season of the year rises one 
day after another with so small a difference of 
time? 

JSitor. With the assistance of a globe I could 
at once cl^ar the matter up. But f will endea- 
vour to give you a general idea of the subject 
without that instrument That the moon loses 
more time in her risings when she is in one part 
of her orbit, and less in another, is occasioned 
hy the moon's orbit lying sometimes more ob- 
lique to the horizon than at others, 

James. But the moon's path is not marked 
on the globe. 

Tutor. It is not; ypu may, however, oonsi- 
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der it, without much error, as coinciding with 
the ecliptic. And in the latitute of London^ as 
much of the ecliptic rises about Fisces3ind ^ries 
in two hours, as the nnoon goes through in six 
days ; therefore while the moon is in these sigoa 
she differs but two hours in rising for six days 
together ; that is, one day with another, about 
SO minutes later erery day than on the pre* 
ceding: 

There is a time well known to busbandmen. 
In which the moon for many nights, in aid 
Of their autumnal laboun» cheers the dusk 
With her full lustre, soon as Phoebus hides 
Beneath the horizon his propitious ray ; 
'For as the angle of the hne which bounds 
Thie moon's career from the Equator, floWt 
Greater or less, the orb of Cynthia shines. 
With less or more of difference in rise ^ 
r In Ana least this angle ? tfience the moon 

Rises with sm^lest variance of time% ^ 

• When in this si^ she dwells ; and most protracts 
Her sojourning m our enlightened skies. 

Losrar* 

Charles. Is the moon in those signs at the 
time of harvest ? 

Tutor, in August and September you know 
that the sun appears in Virgo and Libra, and of 
course when the moon is /t///, she must be in 
the opposite signs, viz. Pisces^ and tSries. 

James. Are there then two full moons that 
afford us this advantage ? V 

Thiior. There ar?^ the-one when the sun is in 
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Virgo, which is called the harvest moon ; the 
other when the sun is in Libra, and which, being 
less advantageous, is called the hunter^s moon. 
You ought to be told that when the moon is in 
Virgo and Libra, then she rises with the great- 
est difference of time, viz. an hour and a quar- 
ter later every day than the former. 

Charles. Will you explain, sir, how it is that 
the people at the equator have no harvest moon? 

7\ttor, At the equator, the north and south 
poles lie in the horis&on, and therefore the eclip^ 
tic makes the same angle southward with the 
horizon when Aries rises, as it does northwfird 
when Libfa rises : but ^s the harvest moon de- 
pends upon the different angles, at which differ- 
ent parts of the ecliptic rise, it is evident there 
can be no harvest moon at the equator. 

The farther any place is from the equator, if 
it be not beyond the polar circles, the angle 
,which the ecliptic makes with the horizon, nvAen 
Pisces and Aries rise, gradually diminishes, and 
therefore when the moon is in these signs she 
rises with a nearly proportionable difference 
later every day than on the former, and this is 
more remarkable about the time of full moon. 

James. Why have you excepted the space on 
the globe beyond the polar circles? 

Tutor, At the polar circles, when the sun 
touches the summer tropic, he continues 24 hours 
above the horizon ; and %A hours below it when 
he touches the winter tropic. For the same 
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reason the full moon neither rises in thestimmer^ 
when she is not wanted ; nor sets in the winter^ 
when her presence is so necessary. These ar6 
the only two full moons which happen about iht 
tropics ; for all the others rise and set In sum* 
mer the full moons are low, and their stay above 
the horizon short : in winter they are high, and 
stay long above the horizon. A wonderful dis- 
play this of the divine wisdom and goodness, in 
apportioning the quantity of light suitable to 
the various- necessities of the inhabitants of Uie 
earth, according to their different situations. 

Charles. At the poles, the matter is, I suppose, , 
still different 

Thtor. There one half of the ecliptic never 
aets^ and the other half never rises'; consequently 
the sun continues one half year above tbe^hori*- 
zon, and the other half below it The full moon 
being always opposite to the sun, can never be 
Been by the inhabitants of the poles, while the 
sun is above the horizon. But all the time that 
the sua is below the horizon, the full moons 
never set Consequently to them the full moo$ 
is never visible in the summer ; and in their 
winter they have her always before and after 
the full, shining for fourteen of our days and 
nights without intermission. And when the sun 
is depressed the lowest under the horizon, theo 
the moon ascends with her highest altitude. 

James. This indeed exhibits in a high degree 
VOL. J. — T 8 
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the attention of Providence to all his creatures* 
But if I understand you, the inhabitants of the 
poles have in their winter a fortnight's light and 
darkness by turns. 

* Tutor. This would be the case for the whole 
six months that the sun is below the horizon, if 
there were, no refraction ;* and no substitute for 
the light of the moon. But by the atmosphere's 
refracting the sun's rays, he becomes visible a 
fortnight sooner, and continues a fortnight. 
Jonger in sight than he would otherwise do, 
were there no such property belonging to the 
atmosphere. And in those parts of the winter, 
when it would be absolutely dark in the absence 
of the n^oon, the brilliancy of the Aurora Bo- 
realis is probably so great, as to afford a xery 
jcomfortable degree of light Mr. Hearne, in 
his travels near the polar circle, has this remark 
in his journal ": '* December 24. The days were 
jBO short, that the sun only took a circuit of a 
few points of the compass above the horizon, 
and did not at its greatest altitude rise half way 
up the trees. The brilliancy of the Aurora 
Borealis, however, and of the ^tars, even with- 
out the assistance of the moon, made ainepds 
for this deficiency, for it was frequently so 
light all night, that I could see to read a small 
print." 

• The subject of refraction will be very parUcukrly cx- 
plftined when we come to Optics. 
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These advantages are poetically described by 
our Thomson : 

By dancinc^ meteors then, that ceaseless shake 
A waving^ hlaze refracted o'er the heavens. 
And vivid moons, and stars that keener play 




Or guide their daring steps to Finland-fairs. 

WiiTTSBi 1. 859. 



CONVERSATION XXXIX. 

t • 

Of Mercury. 

Tutor. Having fully described the earth and 
the moon^ the former a primary planet^ and the 
latter its attendant satellite^ or secondary planet^ 
we shall next consider the other planets in 
their order, with which, however, we are lesa 
interested. 

Mercubt, you recollect, is the planet near- 
est the sun ; and Venus is the second in order. 
These are called inferior planets; 
; CharkU' Why are they thus denothihlatted ? 

Tutor. Because they both revolve in orbits 
which are included within that of the earth ; 
thus (plate V. Fig. 2.) Mercury makes his 
annual journey round the sun in the orbit a ; Ve- 
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rnii 10 bf aad the earth, farther from that lami- 
nary than either of them, makea ita cireuit in /. 

James. How ia this known ? 

Tkiiar^ By obaervation ; for by attentively 
watching the progress of these bodies, it is fottod 
that they are continually changing their places 
among the fixed stars, and that they are never 
seen in opposition to the sun ; that is, they are 
never seen in the western side of the heavens in 
the morning when he appears in the east ^ nor 
IP the .eastern part of the heavens in the evening 
when the, sun appears in the west. 

Charles. Then they may be conaidered as at- 
tendants upon the sun ? 

Tutor. They may : Mercury is never seen 
from the earth at a greater distance from the 
sun, than about twenty-eight degrees, or about 
as far as the moon appears to be from the sun 
on the second day after ita change ; hence it it 
that we so seldom see him ; and when we do, il 
is for so short a time, and always in twilight, 
tiiat sufficient obaervations have not been made 
to ascertain whether Ue has a diurnal motion on 
his axii. 

James, Would you then conduce that he has 
auph a motion ? 

TlUoft I think we ought ; because it is known 
to exist in all those planets upon which observa- 
^ons of sufficient extent have been made, and 
tiierefore we may surely infer, without much 
<shap5e oH error, that it belongs also to ftf erqury, 
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and the Herschel, the former from it0 vicinity 
to the san, aad the latter from jts great distance^ 
from that body, having at present eluded the in- 
vestigation, of the most indefatigable astrono- 
mers. 

Charies, At what distance is Mercury from 
the sun ? 

ThCor. He revolves round that body at aibout 
thirty-^seven millions of miles distance, in eigh- 
ty-eight days nearly; and therefore you can 
now tell me how many miles he travels in an 
hour. 

James, I can; for supposing his orbit circu* 
lar, I must multiply the 37 millions by 6^* which 
will give 222 millions of miles for the length of 
his orbit ; this I shall divide by 88, the number 
of days he takes in performing his journey, and 
th^ quotient resultiiig from this, must be divided 
by 24 f for the number of hours in a day ; and 
by these operations, I fmd that Mereury travels 
at the rate of more than 105,000 miles in an 
hour. 

Charks. How large is Mercury ? 

Tutor. He is the smallest of all the planets. 
His diameter is something more than 3200 miles 
in length. 

James. His situation being so mucfi nearer 
to the sun than ours, he must enjoy a considera- 
bly greater share of its heat and light. 

Tutor. So much so, as would indeed infalli- 

* See p. 160. 

t5 
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My b^rfi ev^rjr thing belonging to the earth to 
atoms, were she stmil^Iy situated. The heat 
of the son at Mereury, must be seven times 
greater than our summer heat : 



-Hercttiy thie first 



tfeir otdeHttg cm the dajr, with speedjr wheel 
Ftiet swiftest oii« Sh flaming where he pomes, 
W>t)i mfn-JM »pk!^Hwir, «U the azure rotul. 

Mauxt's Excubsiov. 

CMrle^. ^nd do you imagine that, thus cir- 
leumstaneed, this planet can be inhabited Y 
. Tutor. Not by such beingiB as we are : you 
ai^d I could not long es^ist at the bottom of tiie 
iea ; yet the spa is the habitation of millions of 
liring creatures; why then may there not be 
inhabitants in Mercury , fitted for the enjoyment 
of the situation, which that planet is calculated 
to afford f If there be not, we must be at a loss 
to know why such a body was formed ; certain* 
ly it could not be intended for our benefit, for it 
is rarely et^en seen by us t 

Ask ior what ^nd theJieavenly bodies shine ? 
Earth for wiu>se use ? Pride answers, *^^\b for tmne : 
■[ <• \ > « i " g im s to light mo rise, 

^y foststeol tanh, n^ i^^nepy the skies.'' 

Pope. 



But do these worlds display their beamst or guide 
Their orbs^ tQ serve thy use, to please th^ piide ^ 
Thyself but dust» thy stature hut a Bpaf»| 
A moment thy duiation t foolish raaa 1 
A» well naay O^e n^fiutefi t emmet sfOTt 
Hiat Caucasus wa^ ri^ise4 tp pave his way : 
The mail* that Lebaaon^ sateodcd wood 



Was destiDtd only for hm walk and food : 
The vilest eockle, gaping on the coast 
That rounds the iupple seas, as well may boast. 
The craggy rock projects «bove the sky,^ 
That he in anfe^ at its foot oiay lie i 
And the whole ocean's confluent waters sweU^ 
Only to quench his thirst, or move and blanch his shell. 

• Fttion. 
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of Venust 

Tutor. We now proceed to Venus, the second 
planet in the order df the iolar t^Btem, but by 
far the most beautiAi) f>f them all : 

Fairest of atsrsa Ust in the tnun of night. 

If better thou belong not to the dawn, 

8ure pledge of day, ttMt erowVi'st the siistHRg mem 

With thy M^ circlett prsose him-in thy sphere. 

While ^ acistt^ (hut. sweet hour «f primi^ 

MiLTOsr. 

Jamea. How far {a Vonuaifoin the sun ? 

Iktiar, ThalpfauietiajBixtjHBighl millionaof 
miles from the aun, and sh^ finishes her journey 
in 224i day% conaeqiientiy she must travel at 
the rate of 75^000 milea in Vn hoar. 

CharUa. Venna iM lafger than Mercury^ I 
dare aay? 

T}ittw. ¥es, flhe is nearly aa large aa the 
eatlh^ which aha rtaepiUes also in othe^ respects , 
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her diameter being ab<Rit«7700 miles in length, 
and she has a rotation about her axis in 23 hours 
and 20 minutes. The quantity of light and heat 
which she enjoys from the sun, muat be double 
that which is experienced by the inhabitants of 
this globe. * 

James. Is there also a difference in her sea- 
sons, as there is here ? 

Tutor. Yes, in a much more considerable 
degree. The axis of Veniis inclines about 75 
degrees, but that of the earth inclines only 23} 
degrees, ind as the variety of the seasons in 
every planet depends on tfie degree of the incli- 
nation of its 'axis, it is evident that the seasons 
must vary more wi& Venus than with us* 

Charles. Venus appears to Uff larger sometimes 
than at others. 

Tuloy\ She does ; and this, with other particu- 
lars, I will explain by means of a figure. Sup- 
pose s (Plate VII. Fig 17.) to be the sun, t the 
earth in her orbit, and a, ^,tr, dj^e^fy Venus in 
her's : now it is .evideilt that when Venus is at a, 
between the sun and eardi, )she would, if visible, 
appear much, larger than wbenahe is attf in 
opposition. 

James. That Is because ahe ia so much nearer 
in the former case than in the latter, being ia 
the situation a, but 27 millions of miles from th6 
earth t, but ate/, she is 163 millions of milesofil 

Tutor. Now/ as Venus passes from a, through 
by c, to d, «he may be observed by means of a 



good telescope^ to have all tha^same djiases ai 
the moon has la passing from new- to full : there** 
fore when she is at d she is foil, and is seen 
among the fixed slars in the beginning of Can* 
cer : during her journey from a to e, she pro* 
ceeds with a direct motion in her (Hrbit, and at e 
she is seen in I^eo, and will appear to an inhabi- 
tant of the earthy for a few days to be atationary^ 
Opt aeeming to ehan^p her place among the fixed 
•tars^ for she is coming towards the earth in a 
direct line : but in passing from eto/f though 
ftill with a direct motion, yet to a spectator atT, 
her course will seem to he baek agaioy or retro-^ 
gnEukf for she will seem to have gone back from 
91 toy I her path will appear retrograde till she^ 
gets to c^ when she will again vfip^9i atationaryf 
and afterwards from e to d, and from d to e, it 
will be direct among the fix^d stars. 

Charka. When is V^nus an evening, and whien 
a morning star? 

Tutor. She is an evening star all the while ahe 
appears east of die sun, and a morning star 
while she is seen west of him ; 

Next Venus to the Ufetiward of the sun 
Full oi*b'd her face, a golden plsin of light 
Circles her larger round. Fair merm^g star 
Tl^at leads on dawning day to yonder world 
Tlie seat of Man, 

BlAKtrr's ExcuBsioir. 

When. she is at a she will be invisible, her 
dark side being towards us, unless sh4 be eitacUy 
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in the npde, in which case she will pass over the 
sun's face like a little black spot 

Janies. Is that called the ti^nsit of Venus ? 

Th^ior. It is ; and it happens twice only in 
a:bout one hundred and twenty years. By thta 
phenomenon astronomers have been enabled to 
ascertain with great accaracy the distance of the 
earth from the siia ; and having/obtained this, 
the distances of the other, planets are easily 
found. By the two transits which happened in 
176I| and 1769, it was clearly demonstrated, 
that the mean distance of the earth from the sun 
was between nihety-iye and ninety-six mil* 
lions of miles. 

Charles, How do you find the distances of the 
other planets from the son, by knowing that of 
the earth?* 

Tutor, I will endeavour to make this plain to 
you. Kepler, a great astronomeir, discovered 
that all the planets are subject to one general 
law, which is, thBtihesqtiareso/ their periodical 
times are proportional to the cubes 0/ their dis- 
tances /rom the sun, 

James. What do you mean by the periodical 
times ? 

Tutor, I mean the times which the planets 

. ■ ' ' ' 

* The remaindec of tbis conversation raay be omitted by 
those youngs persons who are not ready in arithmetical ope- 
jations.. The author, however, knows from experience,' that 
children may, at a very early age, bd brought to understand 
these higher parts of arithmetic* 
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tkke in revolving round the aun ; thas the peri- 
odical time of the earth is 3651 days; that of 
Venus 224i days ; that of Mercury 88 days. 

Charles. How then would you find the distance 
of Mercury from the sun ? 

Tutor, By jthe rule of three : I would say as 
the square of 365 days (the time which the earth 
takes in revolving abdut the sun) is to the square , 
of 88 days, (the time in which Mercury revolves 
about' the sun,) so is the cube of 95 millions, (the 
distance in miles of the earth from. the sun) to 
a fourth number. 

" James. And is that fourth number the dis- 
tance in miles of Mercury from the sun ? 

Tutor, No ; you must extract the cube root 
of that number, and then you will have about 
tfaifty-seven millions of miles for the answer, 
which is the true distance at which Mercury re- 
volves about the sun. 
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Of Man. 

Ikttor. Next to Venus is the earth and her 
satellite the moon ; but of these sufficient notice 
has already been taken, and therefore we shall 
pass on to the planet Mars, which is known in 
the heavens by a dusky red appearance. Mars, 
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together with Jupiter, Saturn, :md the Serschel, 
are called superior plaaets, because, the orbit of 
the earth is enclosed by their orbits. 

Charles* At what distance is Mars from the 
sun ? 

Tkitor, About 144 millions «rf miles ; the 
length of his year is equal to 66*t of our days, 
and therefore he travels at the rate of there than 
53 thousand miles in an hour ; his diurnal rota** 
tion on his axis is performed in S4 hours and 99 
minutes, which makes his figure that of an ob- 
late spheroid. 

James. How is the diurnal motion of this 
planet discovered ? 

Tutor. By means of a very large spot which 
is seen distinctly on his face, when he is in that 
part of his orbit which is opposite to the sun and 
^arth. 

Charles. Is Mars as large 'as the earth ? 

Tutor. No ; his diameter is only 4189 miles 
in length, which is but little more than half the 
length of the earth's diameter. And owing to 
his- distance from the sun he will not enjoy one 
half of the light and heat which we enjoy. 

James. And yet, I believe, he has not the 
benefit of a moon. 

Thitor. No moon has ever been discovered 
belonging either to Mercury, Venus, or Mars. 

Cfmrles. Do the superior planets oxhifoit simi« 
lar appearances of direct and retrograde motion 
to thoi^e of the inferior planets? 
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Tutor. They do : suppose s (Plate viii. Fig; 
18.) the sun : a, bf Cy d^ e, fy gy hy the earth, in 
different parts of its orbit, and m Mars in his 
orbit. When the earth is at a, Mars will ap* 
pear among the fixed stars at or; when by its 
annual motion the earth has arrired at by dy and 
y^ respectively, the planet Mars will appear in the 
heavens at y, Zy and w: when the earth has 
advanced to gy Mars will appear stationary at 
o: to the earth in its journey from g* to A the 
planet will seem to go backwards or retrograde 
m the heavens from o to z, and this retrograde 
motion will be apparent till the earth has arriv* 
ed at a, when the planet will again appear sta- 
tionary. 

Jofnes. I perceive that Mars Js retrograde 
when in oppositiony and the same is, I suppose^ 
applicable to the other superior planets ; but the 
retrograde motion* of Mercury and Venus is 
when those planets are in conjunction. 

Tutor. You are right : and you see the reason, 
1 dare say, why the superior planets may be in 
the west in the morning when the sun rises in 
the east, ^nd the reverse. 

Charles. For when the eartii is at dy Mars 
may be at ny in which case the earth is between 
the sun and the planet : I observe also that the 
planet Mars, and consequently the other supe- 
rior planets, are much nearer the earth at one 
time than at others. 

Tutor* The difference with respect to Mars is 
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no less than 190 millions of miles, the whole 
length of the orbit of the earth. This will be a 
proper time to explain what is meant by Jiie He-f 
lioceniric longitude of the planets referred to in 
the Ephemeris. 

James. Yes^ I remember you promised to ex- 
plain this when you came to speak of the planets ; 
I do not know the meaning of the wor4 helio- 
centric. 

Tutor, It is a term used to express the place 
of any heavenly body as seen from the spn ; 
whereas the geocentric plaqe of a planet, is the 
position which it has when seen from the earth. 

Charles. Will you show us by a figure in what 
this difierence consists ? - . 

ihiior. I will : let s (Plate vni* Fig. 19.) re- 
present the place of the sun, b Venus in its orbit, 
a the earth in her's, and c Mars in his orhit, and 
the outermost circle will represent the sphere of 
fixed stars. Now to a spectator on the earth /if 
Venus will appear among the fixed stars' in the 
beginning of Scorpio, but as viewed from the 
sun, she will be seen beyond the middle of Leo. 
Therefore the Geocentric longitude of Venus will 
be in Scorpio, but her Heliocentric longitude will 
be in Leo. Again, to a spectator at a, the planet 
Mars at e, will appear among the fixed stars, 
toward&the end of the sign of Pisces; but^ 
viewed from the sun he will be seen at the begip- 
ning of the sign Aries ; consequently the geocen- 
tric loneitude of Mars is in Pisces } but his helio- 
centric longitude is in Aries. 
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Of Jupiter. 

Tutor, We now come to Jupiter, the largest 
of all the planets, which is easily known by his 
peculiar magnitude and brilliancy. 

Charles, Is Jupiter larger than Venus ? 

7\itor, Though he does not appear so largCi 
yet the magnitude of Venus bears but a very 
small proportion to that of Jupiter, whose dia* 
meter is 90,000 miles in length, consequently his 
bulk will exceed the bulk of Venus 1500 times: 
his distance from the sun is estimated at more 
than 490 millions of miles. 

James. Then he lajlve times farther from the 
win, than the earth, and consequently, as light 
and heat diminish in the same proportion as the 
squares of the distances from the illuminating 
body increase, the inhabitants of Jupiter enjoy 
but a twenty-fifth part of the light and heat of 
the sun that we enjoy. 

Thiior. Another thing remar&able in this 
planet is, that it revolves on its axis, which is 
perpendicular to its orbit, in 10 hours, and in 
consequence of this swift diurnal rotation, his 
equatorial diameter is 6000 miles greater than 
( his polar diameter. 
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Charles. Since then a variety in the seasons 
of a planet depends upon the inclination of the 
axis to its orbit, and since the axis of Jupiter 
has no inclination, there can he no difference in 
his seasons, nor any in the length of his days 
and nights. 

Thitar. You are right, his days and nights are 
always five .hours each in length ; and at his 
equator, and its neighbourhood, there is perpe* 
toal summer; and an everlasting winter in the 
polar regions. 

Jamea, What is the length of his year ? 

Tutor. It is equal to nearly 12 of ours» for he 
takes 11 years, 614 days, and 10 hours, to make 
a revolution round the sun; consequently he 
travels at the rate of more than 28,000 miles in 
an hour. 

This noble planet is accompanied with four 
satdlites, which revolve about him at different 
distances, and in di£krent periodical times ; the 
first in about 1 day and 11 hours : the second in 
S days, 13 hours: the ikhrd ip 7 days, 3 hours: 
and Hie fourth in 16 days and 16 hours. 

39ey<md the spbere of Man in dtent MitB^ 
Revolves the mighty mi^itude of Jo» 
' With kingly itate, the rival of the sun. 
About him round jfbtir planetary moons 
On earth witb wonder all night long beheld 
Moon above ipoon, bis imir attendants dance. 

IAallxt's Excirasjov. 

Charka. And are these satellites, like our 
moon, subject to be eclipsed ? 
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Tutor* They are ; and their eclipses are of 
considerable importance to astronomers, in as- 
certaining with accuracy the longitude of differ- 
ent places on the earth. 

By means of the eclipses of Jupiter's satel- 
lites, a method has been also obtained of demon- 
strating that the motion of li^ht \s progressive, 
-and not instantaneousy as was once supposed. 
Hence it is found that the velocity of light is 
nearly 1 1,000 times greater than the velocity of 
the earth in its orbit, and mor^. than a million of 
times greater than that of a ball issuing from a 
cannon. This discovery is alluded to by the 
last-mentioned poet i speaking of an observer of 
the eclipses and Jupiter's satellites, he say^ : 

By theae observed tlie rapid progf^ss finds 

Of Ughl itself; bo«^ swift the h^dlbng ray 

Shoots from the sun's height through unbounded spacer 

At once enlightening air, and earth, and heaven. 

Rays of light come fi*om the sun to the earth in 
B minutes, that is, at the rate of 12 millions of 
miles in a minnte nearly. 
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CONVERSATION XLIII. 



Of Saturn, 

Tuicr. We are bow arrived at Saturn ix» ouir 
descriptiooB, wbicb^ till within these twenty 
years, waa esteemed the mo9t remote planet of 
the solar system. 

Charles^ How is be distinguished ia tha 
beavena? 

Tuior* He shines with a pate dead light, very 
ualituft the brilliaat Jupiter, yet his. mamitiido 
seems, to vie with that of Jupiter himselu Thci 
diameter of Saturn is nearly 80,000 miles in 
length : his distance fjroa» the sun is more than 
900 millions of miles^ and he peribnns his jour- 
ney round that luminary in a little less than 30 
of our years, consequently he must travel at a 
rate not much short of 21,000 miles in an hour. 

James, His great distance from the sun mjuat 
render an abode on Saturn extremely cold and 
dark too, in comparison of what we experience 
here. 

Ikiior. His distance from the sun being be- 
tween* 9 and 10 times greater thaq that of the 
earth, he must enjoy about 90 times less light 
and heat; it has nevertheless been calculated 
that the light of the sun at Saturn is 500 times 
greater than we enjoy from our full moarh 
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Charles. The day^'Iigbt at Saium, thea^ em* 
not be yety eontemptiUe : I should hardly fa^ive 
thought that the light of the suq here was $00 
timet greater than that experieneed ftom a full 
moon. 

Tutor. So much greater is our meridian light 
than thisy that during the ton'a absence behind a 
eloud, when the light is much less strong than 
wheA we behold him in. alt bis glorious splendour, 
it is reckoned that our day^light is dO^OOO times 
greater than the light of the moon at its full. 

James. But Saturn has several moons I be- 
lieve ? 

Tutor. He is attended by ^ivn satellites, or 
moons, whose periodical times differ very much ; 
Ibe oii6«iie4Mrest to him performs a retolution 
jTound the primary planet in 22 hours and a half ^ 
and that which is most remote takeff T^ days 
fmA 7 hours for his monthly journey ? this last 
aatelKte le known U> turn on its axis^ and in its 
rototioft is subj|ect to the san>e law which our 
itMOB obeys, that is, it revolves on its axis in the 
same time iit whieh it revolves abotii the planet. 
Besides the seven moons, Saturn is encom- 
passed with two broad rings which are probably 
of considerable importance in reiBectine the light 
of the sun to that planet; the breadth of the 
inner ring is 20,000 miles, that of the outer ring 
7200 miles, and the vacant space between the two 
rings is 2839 miles. These Hugs give Saturn a 
very different appearance t<> any of the other 



pknets. Plate vni. Fig. 20, is a representation 
of Saturn as seen through a good telescope. On 
the supposition that Saturn was the ina<)t remote 
planet of our system, be is thus described by 
Mallet in his excursion : 

Last» oatmott Saturn wi^ bis frontier round 
The boundaiy of worlds, with bis pale moons, 
' Faint glimmering thro' the ^loom which night has thrown 
D«ep-dYed and dead o'er this chill glob^ forlorn : 
An endfess desert, where extreme m cold 
Btemal aits, as in his native seat, 
On wintery hills of never-thawing ice. 
Such Satum^s earth ; and even here the sight* 
Amid these doleful scenes, new matter finds 
Of wonder and delight ! a migh^ rif^/ 

Charles. Is it known whether Saturj| turns on 
its axis? 

Tutor*^ Aecording to Br. HerScbeli it has a 
rotation about its axis in 12 hours Idi minutes: 
this he computed from the equatorial diameter 
being longer than the polar diameter in the pro* 
portion of .11 to 10. Dr. Herschel has also dis- 
covered that the ring> just mentioned^revokes 
isibout the planet in 10 hours and a half. 
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CONVERSATION XLIV. 



of the Herachel Planet. 

Tl'/or. We have but one more planet to de- 
scribe) that is the Herschel. 

James. Was it discovered by Dr.* Herschel ? 

Tutor. It waS; on the 13th of March^ 1781, 
and therefore by astronomers in general it is de- 
nominated the 'Herschel planet ; though by the 
•Doctor himself it was named the Georgium Si- 
duS) or Georgian star, in honour of hi? present 
majesty George the Thirds who has for many 
years been a liberal patron to this great and most 
indefatigaUe astronomer. 

Charles. I do not think ths^ I have ever seen 
this planet. 

, Tutor* Its apparent diameter is too small to 
be discerned readily by the naked eye, but it may 
be easily discovered in a clear night, when it is 
abQve the horizon, by means of a good telescope, 
its situation b^ing previously known from the 
Ephemeris. 

James. Is ft owing to the smallness of this 
planet, or to its great distance from the sun, that 
we cannot see it with the naked eye ? 

Tutor. Both these causes are combined : in 
comparison of Jupiter and Saturn it is small, his 
diameter being less than 3^,000 miles in length ; 
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and his distanee from the sun is estimated at 
more than one thousand eight hundred millions 
of miles from that luminary, around Tvhich, 
however, he performs his joumi&y in eighty-two 
of our years, consequently he must travel a^^^the 
rate of 16,000 miles an hour. . 

Charles. But if this planet has been discover- 
ed only twenty-two years, how is it known that 
it will complete its revolution in eighty-two 
years? 

Tutor, By a long series of observations it was 
found to move with sath a velocity, as would 
carry it round the heavenls in that period. More- 
over» when it was fir^t discovered, it was in Cre* 
mini, and in August, 1803, it had advanced in 
the 1 1^ of Libra, more than a fourth part of its 
journey; and now in June, 1809, it is in the 
eighth of Scorpio. 

James. How many moons has the Herschel ? 

7\ttor. He is attended by six satellites or 
moons, of which, the one nearest to* the planet 
performs liis revolution round the primary in 
five days and twenty-three hours, but that which 
is the most remote from him takes 107 days and 
16 hours for his journey. 

Charles* Is there any idea formed as to the 
light and heat enjoyed by this planet? 

Tutor. His distance from the sun is nineteen 
times greater than that of the earth, consequent- 
ly since the square of 19 is 361, the light and 
heat experienced by the inhabitants of that planet 
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must be 361 times less Uiaa we deriye from the 
rays of the sun. 

The proportion of light enjoyed by the Her- 
flchel has been estimated at about equal to the 
efij^ of two hundred and forty«nini$ of our full 
moons. 



COJ^VERSATION XLV. 



Of .6oinet8« 

Tutor. Besides the seven primary planets, and 
the eighteen secondary ones or satellites, which 
we have been describing, there are other bodies 
belonging to the solar system, called comets, to 
which Thomson, in his Summer, beautifully al* 
ludes : 



-Amid the ndiant orbs 



That more than deck, that animate the sky* 
The life-infiinng suns of other worlds ; 
liO ! finom the dread immensi^ of space 
Hetumin^ with accelerated coime 
The ruahm^ tomet to the ton descendsi 
And as he sinks below the shading earth, 
l^th awful train projected o*er &e heavens^ 
The guil^ iwtions tremble, , 

SmncBB, Kot 1702. 
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Charksl Do comets reflemble the pianets in 
any respects? ;' 

Tutor. Like them they are supposed to re- 
volve about jdie sun in elliptical orbits, and to 
describe equal areas in eqtial times ; but they do 
not appear to be adapted for the habitation of 
animated beings, owing to the great degrees of 
^eat and cold to whidi, in their course, they 
must be subjected. 

The comet seen by Sir Isaac Newton, in the 
year 1680, was observed to approach sd neur 
the sun, that its heat was estimated by that great 
man, to be 2000 times greater than that of red- 
hot iron. 

James. It must have been a very solid body 
to have endured such a heat without being en- 
tirely dissijbated. 

Tutor. So indeed it should seem ; and a body 
thus heated must retain its heat a long time ; for 
a red-hot globe of iron, of a single inch in dia- 
meter, exposed to the open air, will scarcely 
lose all its heat in an hour ; and it is said, that 
a globe of red-hot iron, as large as our earth, 
would scarcely cool in 50,000 years. See En- 
field's Institutes of Natural Philosophy, p. 9^^ 
second edition. 

Ch&rles. Are the periodical times of the co- 
mets known ? 

Tkitor. Not with any degree of certainty ; it 
was supposed that the periods of three of them 
had been distinctly ascertained. The first of 



these ajq^eared in the years 1531, ISO?, ami 
1682^ ami it was expected to retura er^ry 75th 
year ; .and one whteh, as had been predicted by 
Dr. Halley, appeared in 1758, which waa aup- 
piosed to be the same. 

The^eeoTwfofthemappearedio 15Sd,and 1661, 
and it was expected that it would again make its 
appearance in 1789, but in this the astronomers 
of the present day have been disappointed. 

The ihird was that which aflpeared in 1680, 
and its period being ei^imated at 575 years can- 
not^ upon tiiat supposition, return until the year 
2255. This last comet at its greatest distance 
is eleven thousand two hundred miliions of 
miles from the sun, and its &d»# distance from 
the Qun's centre was but four hundred and ninety 
thousand miles ; in this part of its orbit it tra- 
velled at the rate of eight hundred and eighty 
thousand miles in an hour. 

James, Do all bodies mt^ve faster or slower 
in proportion as they are nearer to, or more dis- 
tant from their eentjne of motion ? 

Thitor, They do, for if you look back upon 
the last six or seven lectures, you' will see that 
the Hersebel, which is the most remote planet 
in the solar S3rstem, travels at the rate of 16,000 
miles SQ hour : Saturn, the next nearer in the 
order, 21,000 miles; Jupiter 28,000 miles; Mars 
53,000 miles; the earth 65,000 miles; Venus 
75,000 miles; and Mercury at the rate of 
105,000 miles in an hour. But here we come 
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to a comet whose progressive motion in that 
part of its orbit which is nearest to the sun^ is 
more than equal to eight times the Telocity of 
Mercury. 

Charies. Were not comets formerly dreaded, 
as awfiil prodigies intended to alarm the world ? 

Tutor. Comets are frequently accompanied 
with a luminous train called the tail, which is 
supposed to be nothing more than vapour rising 
from the body ift a line opposite to the sun, but 
which, to uninformed people, has been a source 
of terror and diapnay, and to this opinion many 
of our poets have alluded : 



<MhhiMb 



-Where the train 



Of comets wander in eccentric ways 

With infinite excarsion through tli' immense 

Of ether, traversing from sky to sky 

Ten thoosand Teglonsi in their winding roadf 

Whose length to trace imagination fuls; 

Various their path s 

While distant orbs with Wonder and amaze 

M^rk their approach^ and night by night alarm'd 

Their dreaded progress watdi, as of a ibe 

Whose march is eter fatal, in whose train 

Famine and war, and desolating plague. 

Each on his pale horse rides, the ministets 

Of angfy Heaven to seoorge offending workls. 

Maust^s ExeVBtTOK. 



QF TBS SUIT. 243 



CONYERSATION XLVL 



QftbeSuiv 

TSiltoT. Having given you a particular de« 
scription of the planets which revolve about the 
sun, and also of the satellites which travel round 
the primary planets as central bodies^ while 
they are carried at the same time with these bo- 
dies round the sun, we shall conclude our account 
of the solar system by talking some notice of the 
sun himself: 

Informer of the planetary tfaiiit 

Without whoee quick'ning glance their eumbroiu ofbs 

"Were bnite unlovely massy inert and deady 

And not, as now, the green abodes of life. 

Thomboh's AuTVXir, line 1086, 

Jamei. You told ^s a few days ago, that the 
sun has a rotation on its ipcis; how is that 
known ? 

Tutor. By the spots on its surface, it is known 
that he completes a revolution from west to east 
on his axis in about twenty-five days, two days 
less than his a/?paf*en/ revolution, in consequence 
of the earth's motion in her orbit, in the same 
direction. 

Charles. Is the figure of the sun globular ? 
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Thitor, No ; the motion about its axis renders 
it spheroidical, having its diameter at the equa* 
tor longer than that whieh {^asSes through the 
poles. - 

The sun's diameter is equal to 100 diameters 
of the earthy and therefore his bulk must be a 
million of times greater than that of the earthy 
but the density of the matter of which it is com- 
posed is four times leiss than the density of our 
globe. 

We have already seen that fay the attraction 
of the sun» the planets are retained in their or- 
bits, and that to him they are indebted for light, 
heat, and motion : 

Fairest of beiiijpi! first created light ! 

Prime cause of beauty ! for from thee alone 

The sparkling gem^ tbb vegetable f«c€» 

The nobler wonds th«t live and bieathe ttaftir fhiwnm. 

The lovely hues peculiar to ench tribc^ 

From thy un&iliiig soocce of splendour dnw ! 

In thy pure shine, with transport I survey 

This firmament, and these her rolling worlds 

Their iii«|gnit»d«8 tnd otofxani. 
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Of the Pixied Stars. 

< 

lytar. We will now put an end to our astro- 
nomical eonirersationSy by refeiring again to the 
.fixed stara^ .which, like our sun, iSiine by their 
own light. 

Charles. Is it then certain that the fixed stars 
are of themselves luminous bodies ; and that the 
planets borrow their light from the sun ? 

2\itor. By the Help of telescopes it is known 
that Mercury 9 Venus, and Sjfars shine by a bor- 
rowed light, for like the moon, they are observ- 
ed to have difierent phases according as they 
are difierently situated with regard to the sun. 
The immense distances of Jupiter, Saturn, and 
the Herschel planet, do not allow the difference 
between the perfect and imperfect illumination 
of their discs or phases to be perceptible. 

Now the distance of the fixed stars from the 
earth is so great, that reflected light would be 
:much too weak ever to reach the eye of an ob- 
server here. 

James. Is this distance ascertained with any 
degree of precision. 

Ihitqr. It is not : but it is known with certain- 
ty to be so great, that the whole length of the 
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earth's orbit, viz. 190 millions of^miles, is but a 
point in comparison of it; and hence it is infer- 
red that the distance of the nearest fixed star, 
cannot be less than a hundred thousand times 
the length of the earth's orbit ;* that is a hun- 
dred thousand times 190 millions of miles, or 
19,000,000^000,000 miles; this distance being 
immensely greats the best method of forming 
some clear conception of it, is to compare it with 
the velocity of some moving body, by which it 
may be measured. The swiftest motion with 
which we are acquainted is that of light, which, 
as we have seen, is at the rate of twelve millions 
of nules in a minute ; and yet light wonld be 
about three years in passing fitnn the nearest 
fixed star to the earth. 

A cannon ball which may be made to move at 
the rate of twenty miles in a minute, would be 
1800 thousand years in traversing die distance. 
Sound, the velocity of which is thirteen miles in 
a minute, would be more than two million seven 
hundred thousand years in passing from the 
star to the earth. So that if it were possiKle 
for the inhabitants of the earth to see the light ; 
— to hear the sound ;— and to receive the ball of 
a cannon discharged at the nearest fixed star; 
they Would not perceive the light of its explo* 
sion for three years after it had been fired ^ nor 
receive the ball till 1800 thousand years had 

* See Dr. Enfield's Institutes of Natural Philosophy, p. 
S47. Second editioD^ 1799. 
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elapsed ; nor hear the report for two millions 
and seven hundred thousand years after the 
explosion. 

Charles. Are the fixed stars at different dis* 
tanaes from the earth ? 

Tutor. Their magnitudes, as you know, ap 
pear to be different from. one another^ whieh dif- 
ference may arise eitb^ from a diversity in4heir 
real magnitudes, or in their distances, or from 
both these causes acting •conjointly. It is the 
opinion of Dr. Herschel that the different appa* 
rent magnitudes of the stars arise from the dif- 
ferent distances at which they are situated, and 
therefore he concludes that stars of the seventh 
magnitude are at seven times the distance from 
us that those of the first magnitude are. 

By the assistance of his telescopes he is able 
to discover stars at 497 tifnes the distance of 
Sirius the Dog-Star ; from which he infers that 
With more powerful instruments he should be 
able tb discover stars at still greater distances. 

. James^. I recollect Chat you told us once, that 
it had been supposed by some astronomers, that 
there might be fixed stars at so great a distance 
from us, that the rays of their light had not yet 
reached the earth, though they had been tra* 
veiling At the rate of twelve millions of miles 
in a minute, from the first creation to the pre- 
sent time. 

Tutor. I did ; it was one of the sublime spe- 
culations of the celebrated Htiygens. JDr. Hal- 
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ley has also advanced, what he says seems to be 
a metaphysical paradox, viz. that the number of 
fixed stars must be more than finite, and 9ome 
of them at a greater than a finite distance from 
others; and Mr. Addison' has justly observed, 
that this thought is far from being extravagant, 
Tirhen we consider that the universe ia the work 
of infinite power, promoted by infinite goodness, 
and having an infinite space to exert itself hi ; 
so that our imagination can set no bounda to it. 

Hoar distant iome of the nocturnal miiu ! 
3o diftant, says the 8ag«» 'twere not abmin} 
To doubt, if beams set out at Nature's births 
Are yet arriv'd at this so foreign world ; 
Though nothing half so rapid as their flight 

Youve. 

Charles. What can be the use of these fixed 
9tars ? — not to enlighten the earth, for a single 
additional moon would give us much more light 
than them all, especially if it were so contrived 
as to afibrd us its assistance at tho^e intervals 
when our present moon is below the horizon. 

Tutor. You are right: they could not have 
been created for our use, since thous0nds, and 
even millions, are never seen but by the assist- 
ance of glasses, to which but few of our race have 
ncces^. Vour minds indeed are tpo enlightened 
to imagine^ like children unaccustomed to re- 
flection^ that all things were created for the 
epjpyment of man. The earth on which we live 
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is but one of seven {urimary planets circulating 
perpetually round the sun as a centre^ and with 
^ these are connected eighteen S(Miondary planets 
or moomiy all of whiieh are probably teeming with 
living beings, eapabk^ tJiough in different ways^ 
of enjoying the bounties of the great First Cause. 

The fixed stars then are probably suns, which, 
like our sun, serve to onlighteoy warm, and 8tts<» 
tain other aysteoia of planets and their depend** 
ent satellites. 

Jamti. WottMf our sua i^pear as a. fixed star 
at any gjreat diataoce? 

.7Wor. It certainly would : and Dr. Herschel 

tbinka there is no d€iubt, but that it is one of the 

heavenly bodies belonging to that tract of the 

.heavens known by the name of the\Mi7Ary Way. 

Chatk$. I know the milky way in the hea- 
irens, but I little thought that. I bad any concern 
with it otherwise than as an observer. 

TSiiwr, The milky way consists of fixed stars, 
too small to be discerned with the naked eye; 
and if our sun be one of them, the earth and 
other planets , are closely connected wjth this 
part of the heavens. 

But, Gentlemen, it is tinse that we take our 
leave of this subject for the present. For your 
attention to those instructions,, which, on this 
and other topics, I have been able to communi* 
Gate, accept my best thanks. For your future 
welfare and happiness, my heart is deeply in- 
terested. You will not, I flatter myself, very 
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aoon forget that eonnexion which has subsisted 
between us for a long course of years. From 
my mind the •remembrance of your kindness 
can never be obliterated. Permit, me, then, as a 
testimony of my gratitude and sincere affection, 
to recommend to your future attention the works 
of nature and creation, by a careful investiga- 
tion of which you will necessarily be led to the 
contemplation and love of the God of Nature. 

Your knowledge, young as you yet are, of the 
fiindamental principles of Geometry and Alge- 
bra, is such as to render scientific pursuits easy 
and pleasant And your understandings are 
not more capable of entering into the sublime 
speculations of science, than your hearts, are 
adapted to receive and cherish those impres- 
sions of gratitude, which are the natural conse- 
quences of enlarged and comprejiensive views 
of the being and perfections of the Deity. la 
all your studies and pursuits, then, never for- 
get, that 



■^w 



-you cannot go 



Where UiriTsmBAL Lotb not smiles aipund, 
Sustaining all yon orbs, and all their suns { 
From seeming evil still educing good. 
And better thence agiun, and better atilly 
In infinite progresuon. 

Tboksoit. 
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